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(54) TWe: PURIFIED MAMMALIAN FLT3 UGANDS AND AGONISTS AND 

ANTAGONISTS THEREOF 
{57)Abst,aei 

This invention provides mammalian F«t3 ligands and fragments thereof, nucleic 
acids encoding the same, recombinant vectors and host cells comprising such nucleic 
acids, and antibodies or binding fragments thereof which specifically bind to the 
ligands or fragments thereof, kits, and pharmaceutical compositions for modifying the 
biological activity of cells bearing Flt3 ligand receptors. Methods for making and 

* 

using the foregoing materials are also provided by this invention. 
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FLT3 MfiAVT^ 
AND AGONISTS AND ANT-A^STS THFttPOF 

5 

The present invention relates to compositions which 
function in controlling development and differentiation of 
mammalian cells, e.g., cells of a mammalian irc.nuae svstem. 
In particular, it provides oroteins and mimetics which regulate 
is development, differentiation and function of various ceil 
types, including hematopoietic cells. 

BACKGRO 

15 Protein tyrosine kinases often play important roles in 

signal transduction leading to cellular proliferation. The large 
family of protein tyrosine kinases includes many gxovr.h 
factor receptors. See, e.g., Pawson. et al: (1990) Treads in ' 
Genetics 6:350-356. Growth factor receptors are important in 
control and regulation of cellular physiology and development. 
Although these receptors have been found on various cell 
lineages, their specific roles in regulation of development of 
different cell lineages are generally poorly understood. 
Suggestions of a role for a protein tyrosine kinase in 
25 hematopoiesis have b«n largely based upon the identification 
of the c-kit receptor tyrosine kinase as the W locus, mutations 
in which affect erythroid and mast cell lineages. See. e.«.. 
Chabot, et al. (1988) Nature 355:88-89; and Geissler. et "al 
(1988) Cell 55:185-192. 
3C Besides the gene product of the W locus, another protein 

tyrosine kinase had been isolated and characterized. See 
Matthews, et al. (1991) Cell 65:1 143-1152: and Rosnst. « al. 
(1991) Oncogene 6:1641-1650. This protein has besa 
designated Fms-like tyrosine kinase 3 (Fli3) cr Flk2. Although 
25 it has been localized to particular cell types, e.g.. placenta. 
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gonad, neural, and •'ematopoietic. iu biological effects on cell 
differentiation and physiology have not been fully described. 

Moreover, the receptor sbonld mediate cellular signal 
transduction in response to a natural ligand. The nature of the 
ligand has yet to be identified, and iu physiological effects and 
cell lineage specificity remain largely unknown. The 
distribution of the receptor, however, suggests that the ligand 
has a role in regulating cell physiology and development in a 
multiplicity of cell lineages. 

There thus is a need to know about the structural, 
biological, and physiological properties of the regulatory 
factors which naturally bind to the Flt3 tyrosine kinase 
receptor. 




The present invention, which is based in part upon the 
discovery of natural ligands for the Flt3 tyrosine kinase 
receptor, fills the foregoing need. This invention provides 
agonists and antagonists of the natural ligands, e.g., mutations 

20 (muteins) of the natural sequences, fusion proteins, chemical 
mimetics. antibodies, and other structural or functional 
analogs. It also provides isolated nucleic acids encoding 
proteins of the invention. Various uses of these different 
protein or nucleic acid compositions a.e also provided. 

25 The present invention provides substantially pure Flt3 

ligands or peptides thereof, or fusion proteins comprising the 
Flt3 ligand sequence; antibodies specific for binding to a Flt3 
ligand; and a nucleic acid encoding a Flt3 ligand or fragment 
thereof. 

30 The Flt3 ligand or peptides thereof, which can be from a 

warm blooded animal such as a bird or mammal, including a 
mouse, comprise at least one polypeptide sequence shown in 
Table I. They further may exhibit a post-translational 
modification pattern distinct from natural FIG ligand. 

35 including at least one of the features disclosed in Table 2. or 
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The invention also embraces a kit e «m„« • 
substantially pure Fltf ,i gan d or ragm n J? fi P ' ' 
control: u antibody or recentor IkT *" M 8 ***** 
"gand: or a --dj«^;" «- . Flt3 

The availability of thJT. 7 ^ " W^*" 

eoncacnng said cell with an agonist or i COmpns,n * 

Ugand. For example, the 

g*nst a mammalian Flt3 li S and or the ce 1, l y " * 
hematopoietic cell, including a ivmnh«-. , * 

gonad cell; or a neural ce n in^T ^ * P,aCMta CeI,: a 
cells. Ce,! ' ,nClud,n * ncuro »al or n 0 „-neuronai 




AH references cited herein are h~~u. ■ 
their entirety by reference. * ,nCOr P° rated * 
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The present invention provide* th- . ■ 
and DNA « quences Mcodi „ — «•"«. 

«M* pr„p«ni« „f oinding JT m J„*T Pr< " ei " S *" 
F!t3 pro«i„. a pLin Thic T.X -J™"" bind " «" 

of a , yrosi „ e ti n p asc?j:; h re ;: P h ;:: ,s ~ cha ~- 

The natural ligands are caoahi* j- - 
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Physiological wpoii^ ceIJs .... 
localized the protein to her*£o " J?" had 
uncommitted progenitors. The hi T "* *"* P rimiliv < 
was initially described i„ mcuse h J*™*** embodiment 
5 dCSCribed "erein. Additional J are also 

mammalian species, e z h„ m , ? ° r proteins » other 
descriptions £™ - * -lab.e. ^ 

mouse no , igand , bul ' " r ««ptoy poiposes> l0 , 

embodiments from other spec'eT " " * taled 

0 Isolated mouse Fltf protem * re>> 

Procein which exhibits structural JaL " " ' 

; hematopoietic, and neural tissue, T P aCCnU ' gonad - 

1 Matthews, et al (,9 9n l^ am0 " g 0thcrs - See 

biochemical response , 0 bindin* «f i. ™ CCp,0r mediaIes » 
«gand leading to signal transduction ^"clnT """^"^ 

In particular, the li gand has " ^ f ,u,ar "*Ponse. 
self-phosphorylation assay whic ? b * P°™ing a 

Phosphorylation of dimerLd ^ e " r y 7°** 
has been isolated and characte^" ^ K « 

""grates on polyacrylamide gel eleJln k ^ ^ 
mobility characteristic of a JS^TT^ " 
Physical properties are » * o*er 

The hgand for Flt3 should be Drese nr • . 
»«ue types, and the interaction o7th e ? 
should be important for mediating "** 
Physiology or *nk*aJ^'J^. * cell u ,ar 

receptor protein in dtffe'ent t^» UUOn ° f 1,16 
%and have functional ^ ^ 2T *" h ta 
in d eveI r eg„ ladon in othcf * system, e.g.. 

G Iben (,991) Develops Biology (3d * , , ' *** 
Associates. Sunderland MA- Rr„^ } * Slnaucr 

Russo. « (1992) « n ; Philadelphia. P A , 

^ ™ e Molecular Genetic 
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Approach. Springer-Verlag. New York m v 

numbers were significantly increased £" ^ ^ C ° Ion - v 
Produced muiti,i„eage colonies/b u ?l y ^ e C ° ndid ° nS 
abundant erythroid cells char^w i n<H COnttin 1116 
Hgand and IL-3 A ^ f ° und c-ki, 

-dent in the in^t^T^ **** was 

a^ „a P d T^^Jf However. 
when used i„ combination ^ " *~ «* -n 

When .sorted human fetal liver Jo~ 
were used. Flt3 Ii gand nad . ' ' ^ ^""or cells 

combination with GM-CSF or ii i , ^^"^ effe « in 

co-stimulatory effects of FIG HeL ^ 

low proliferative potential difT ^ ° bSCTVCd on 
well a< ,k- wnnai colony-forming ceils fLPP^Trr^ 
wen as the more primitive hi.h - .., U-FP-CFC) as 

co^in, c^ZZg ***** 
l-Sand. FIt3 l igMd TO , ' 10 c -ki, 

»«~n fetal live, Wf,L~ """""* ^ <* 

pro 8Mi ,or cells ,„ ^ ft^, " f ~ 
from c-kit ligand. manner distinct 

faaors as GM-CSF or IlT , .- """""""i 0 " «*» »«* 
pro™ fc growI „ of °" 
myeloid precursors. P™"^ and more mature 



FIt3 ligand, i„ combination with IL-7 or n 
specific thymocyte subsets to omi.f- V L " 12 * ^aies 
CD4lo thymocytes are so^ Slt^^T ^ 
cytokine combinations. responding to Ui C 

Flt3 ligand was also te*t*A ~ 

which are enriched for T C eH nl * " 

cell precursors. Fltf , igand jn 
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combination with IL-7 or IL-12 induced significant 
proliferation. IL-12 also induces proliferation of fetal 
thymocytes in combination with c-lrit ligand. These results 
further support a role for FU3 ligand in T cell development. 
5 The proliferation of early B lineage cells, e.g., a pro B cell 

line or bone marrow cells enriched for pro B and pre B cells, is 
significantly enhanced in the presence of Flt3 ligand, 
particularly in combination with IL-7. Early developmental 
stage cell populations which give rise to committed B lineage 
10 cells also proliferate in response to Flt3 ligand, particularly in 
combination with other stromal cell factors. 

Identification of the ligand for Flt3 provides means to 
address some of the questions raised by these observations. 

i 

is Purified Pi3 Ligand 

Mouse and human FIt3 ligand amino acid sequences are 
shown in Table 1. These amino acid sequences, shown amino 
to carboxy terminus, are important in providing sequence 
information in ^he ligand allowing for distinguishing the 

20 protein from other proteins. Moreover, the peptide sequences 
allow preparation of peptides to generate antibodies to 
recognize such segments, and allow preparation of 
oligonucleotide probes, both of which are strategies for 
isolation, e.g., cloning, of genes encoding such sequences. 

25 In particular, the MB 8 isolate contains an insert of 29 

amino acids which contain proteolytic processing sites which 
will allow the helical cytokine domain of the ligand to be 
cleaved from a membrane attachment. Similarities have been 
observed with other cytokines. See. e.g.. Bosenberg. ez aL 

30 (1992) C^// 77:1157-1165; Huang, eu aL (1992) Molecular 
Biology of the Celt 3:349-362; and Pandiella. et aL (1992) 
/. Biol. Chem. 267:24028-24033. This will avoid certain 
problems of working with, or administering, a cell bound 
protein, and provides insight into possible mechanisms of 

2 5 cellular specificity. 
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Tab lc l: f] Q 1 iyand Prr" rfg Fragment Sequence! 
i . fvqt (N/c/s/T) i (S> cm llk 

c 2 OTPVTVAV(N)L0(O)E(K) 

3. TTO(V/A)TT(S) <H) (S)PIS(S) (Ml <D <K> 

4. WIEQUC(Q) <P) (G> (S) 

5. ELT(V) (H)LLK 

6. IITXLFLQ(T) (R> 
IQ 1. SIH) (S)PISSNF 

8 . OH IEQLX 

9 . OTPVTVAVHLQ 

10. DATFSHSPISSNFKVKFREKT) (V) 

11. OTPVTVA(A) 



15 



35 



The foregoing provides consensus sequences: 



12. TPOAYTSHSPlSSNFXVKFaELWHlLK 

13*. WIEQLK ; 

20 14- FVQTXrSHLUC 

15 . ILFX1FAQYR 

16. DTPVTVAVHLQ 

Alignment with other ligands for FIt3-like receptors and other 
25 considerations suggests a mature protein N-terminal sequence: 

17. TPOCrfSHS? ISSNFKVKFR EIT (V) RLLXDY PVTVAVKLQD EX 

i 

Nucleic acid sequencing of a clone provides the following 
30 sequence: 

1ft TPDCFSFS? ISSNFKVKFR EiTMLLXDY PVTVAVNLQO EXHCXA1»S^ 

ZQL KT^GS^Q' LIZDWTEXH FVTSCTTQPL ?ECLRFVC«- 

I 
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Five different mammalian variants have the following sequences 
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MOT118/TU0 M T V LA PA W S P H S S L I J L J l U J J C t 
HUS86/S109 MTVLAPAWSP 

HUS86/S109 sGTQDCSrQHSPISSDFAVS.REI.- 

t 

Hor.il/xiio .^"O.i^n.jjjjotjj; 



HUS86/S109 



RLVLAQRWMERX.KTVAGS!CMQGtLE 
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Table 1 (continued): 
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MO Til 8 
MoTllO 
HuS86 
HuS105 

MOT110 

HuS86 

HuS109 



FFIfPTFLSFLSSFLKMYLYV 
TLVLLAAWGLRWQRARRRGSLH 

. . .laaawclkwqrtrrrtprp 
gciawtqrxlargrslpwapl: 



P G . 
GEQ 
P £ P 



V . P L P S H P 
VPPVPSPQ D*L UVEH 
EWRQRQMPAPAPFTQ 



l c ; 



X P L S P 



222 
224 
215 
222 

221 
234 
245 



Bold residues are conserved with CSFs: underlined sequences 
are peptide sequences described above; # is the position of an 
insert in one clone; • indicates where divergence of sequences 
in variant isolates begins and the insertion point of the 29 
amino acid insert found in the MB8 isolate. The MB8 isolate 
has a 29 amino acid insert has the sequence: 
DRVSLLCRLGLTLNSLQSSCL-SVLSAGrr. 



40 



The sequences shown in Table 1 are also defined in the 
Sequence Listing, wherein the sequences of peptides 1-18 are 
defined by SEQ ID NOs: 1-18, respectively. Some amino acid 
residues in the sequences are indicated as Xaa, where there 
was some uncertainty in the sequence determinations. 

Other sequences shown in Table 1 are defined in the 
Sequence Listing as follows: 



45 



*6t* PCT/USM/W150 



Peptide SEP ID NO : 

HuS86/S109 (to S86 C-terminus) I 9 

HuS109 (C-tenninal region) 2 0 

M0TII8/TIIO (to T110 C-terminus) 21. 

M0TII8 (C-terminal region) 2 2 

M88 Isolate 2 3 

The nucleotide sequence for the C-terminal region of 
M0TII8 is defined by SEQ ID NO: 24. 



Table 2: Physical Pro ngrties of Motive F1t3 Ligand 

(1) SDS-Polyacrylamide gel electrophoresis: reduced migration 
approximately 30 Kd; seemingly a glycoprotein. 

(2) Ammonium Sulfate precipitation (at 4° Q: activity found 
in 60-85% saturated (NH4)2S04 pellet. 

(3) Kydrophobic Interaction Chromatography [(NH4)2S04 
gradient in 20 mM Tris. pH 7.5 on a Pheny!-5PW column]: 
activity eluted between 900-750 mM (NH4)2S04. 

(4) Anion Exchange Chromatography (NaG gradient in 20 mM 
Tris, pH 7 JS on Mono Q column): activity eluted between 130- 
250 mM NaCl. 

(5) Cation Exchange Chromatography (NaCl gradient in 10 mM 
citrate, pH 3.0 on Mono S column): the bulk of the activity 
eluted between 440-540 mM NaCl. 

(6) Gel Filtration (SEPHACRYL® S200 column): the activity ran 
with an apparent molecular weight of 70 kD. 

(7) Reversed Phase HPLC (water to acetonitrile gradient in 
0.1% TFA on a Poros R/H column): the activity eluted between 
32-35% acetonitrile. 
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•"conw^ST^, t a"™ ," m °° Se 00 "P""- »WI 
"""" — fences ^ , 

' Polypeptide ^ eiWb » » ™«* derived 

<*aer d». ^ 30 ^ £ -DC „ M . „ sua)ly 

« more p^ferabfy „ K,^ " ^ " *" 10 " M 

m00!C - «+• No-mam rZ ma i m . ^ "an 

« fcMIioM)ly ™» also ^ 

The term "poivociwiH-- Md Proteins. 

"*«• — reside .f „ ^ r° mPa5SCt * of 
■ to, 10 amino ^ -*» adds. 

often a, Ws, u aTtao '"T" 5 ' " '«» « ah. 
— • "Cids. nitoUy a, C ^ ° , ° re « to, 16- 

--Hr a. .«s, 24 amino ^ » amino adds. more 

«*■ ■« prefer „ ^.f ' " '"" 26 »*> 

panics *' « <™<no acids. Md , „ 

amino acids. 31 to. aboul 30 or more 

We fashion, an antfoody-anU™ " * H «""-*epU)r 

m- sp^cr^r^ „- con ~ 

'"Kracrion. eaner 1 ™ m ' P™e,».pr 0Iein 

* a po,^. or cnenJa, ^ « 

I'jand-recfor infraction is 1 " "* rra P>0' »f a 

•peafiary. e.g.. soecj(!c 
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A functional znzloz may be a --.u 
m ~<:n- . 7 06 a ^^S^d wuh structural 

whtch has a mo«ecu..r Jtape whjeh 
*Ppropnate l.gand oilldin , dMCTninaillt * 
«rve a, agists or Ma8 „„ isB of ^ « " 

Goodman. « (eds.> (I ooo, The Pk^ac^al B Js of 
Therapeutics (8th ed.). Perjamon Press. * 

free I^TT^ ^ *" *" » 

free from other contaminating proteins. auctei c J ds Md 

other btologtcals derived from the 
Punty may e, assayed by sta^ard m ^ ^ 
ordinarily be at leasi about 40* „„„ _„,. S , , 
about ». pur, aeneraU, a, .eJ^^Tl: ' 

rtL^ r: - - * 



ahonf ~„ typically at least 

"bout 85% pure, more typically „ l easI ^ w 

M purl '° m ° S ' PrefeTO ' « l« t 

Solubility of a polypeptide or (ragmen, d,p ends ^ 
he e„»,ronmen, and the polypeptide. Many parameters 
•flta Polypeptide solubility. illc , odi „ g s^J""" 5 
electrolyte environment, size and molecular • • , 

■he polypeptide, a-d nature „ f „, Tolve^ T^TT 5 
temperature a, which the p„ lypep ti de is £, 

about *• C <o about «• C . Usuaiy the semperaorre « 

greater than about 18° C anrf m«« - c 15 

22 C. For dugnosnc purposes, the temperature will usually 
be about room temperature or warmer. ba , ess than Z 
denaturaucn temperature of components h, the assay For 
herapeunc purposes, the temperature win osuaily I b l 
emperature. ty^calW about 37' C for httMa , Leh JL 

certain situauons the temperature mav be „,c^ 

,• ,..„ r ma y °* raised or owered 

III SltU Of lit virrn 
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The electroiyfs$-^Sr usua „ aDP - 0 ,: maf . . 

lower ionic „«.,,„ .„.,. ld ' 0r 

be modified, eg ,o conform , n ' K <«" '*» mi. 

. =•».. 10 conform to standard buffer. u „h ;. 
: Penological or analytical conIMU °"" en 0!ed •« 

general bl^, T""" °' ""'""P 1 "' »">uld 
f dtna!^ L 1 tilt « " SUM ' — » - - 
ol-er polypeptides in , SZg'JZL'" ""*" 4 

solubility, o, associattd liZTiZ TT ^ """" 

-d wi„ mXZJ^TT^, **** 

*. ".ven. j bTrr^ t~ l : oaiiy 

5 and 10. and preferably rtont 7 5 * M ° 1 * 0 "' 

««ergen, wiU be added, alw ' , * "~ """""^ 1 
CHS or CHAPS, o, , te„t 0 U T T ta, "» , "« 
significant disruotion of \„ c , ~* =~uon as ,„ a , oid 
of tne ligand. P'"""' 0 *"! properties 

Solubility is refiece,, b sedimentation measured i. 
Svedberg umts. w „icb m „ ",'1 " 

ve cciry of . „ onder - ~ 

dettnmnaoon of , he se dime„ a tion velocity was clai, , » 
performed i„ an analytical ulrracenrrifuge b u7 s * f 1 
now performed in a standard ulme™,, J 0 ' , " Ca^!, 

W.H. Freeman 4 Co.. San Francisco. As a crude ZJT 
a samp,, containing , purely soiobIe ' 
m a standard full si «d ulrrac.nrrifu- „ tt^nv " 
about .0 minute, and soluble molju'les T K ^„ 
supernatant. A soluble oart.vu „ . 
be less ;i a» about Z. 'Z^, t^an "t "*"> 
-»>• ■« - about ,0, Z ^^11^. 
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and more preferably less abou , Js 4S - 

S conferred on t^^^"***"** 1 

Th. « ^ • plor « r »»oniied or appropriate test ceils 

r?ceu or TH ,S * Hgand - dCpendeat ""Phosphorylation of 
receptor. These two biologic activities have been utilized to 
isolate an appropriate ligand. 10 

THhI inveadon "compasses proteins or peptides 
having subsianlial amino ^ t W»*s 

amino acid sequence of th- v,.i v <~ 

soeci^ nr ,„ 13 hgand - vari »W include 

species or allelic variants. 

d.,,™ An ';, n0 l . ^ h0molo »- or «l««ce identity is 

de.enn.ned by opting residoe '»*• 

conservative subsotunons as matthes. Conservative 
sabsmunons , yp icall y include s „bstuutio.s wilhm , he 
followutg .roop^ tlycint , 1|aj , iDe . 

asparoc ac,d. gl 0O mic acid: asparagine. gta^ 
.hreon.„e: ly s,„e. argininc: a „d phenylaUniu,. ^J"" 
Homologous amino acid sequences are typically j„,e„ d e a , 0 
.nc.udc „a,ural allelic and interspecies variant i„ etch 
respecve pro.ein sequence. Typical homologous pro.eins or 
pep..des w,ll have from 25-KXW, homology frf gaps can be 
...oduced). .„ io-,00* homology (if coLL^e " " 

* ,BO I.gand. HomcJogy neasurcs be « t J t abou , ^ 

1 T 8am " y « «»• •*» - 

icast DU%, more onrs ar «*z. ^ 

.ypicallv a. ,eas, ««. ^ « " "« 

leas. 75%. preferablv f£ m '^^V * " 
iitt , . mi ™« preferably a. 

m or LI " emtoli — '« 
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a*. * 1 a,S ° Need,eham - « fl/ - (WO) y. *«,/. ato/. 45:443- 
453: Sankoff. « al. (1983, Chapter One in Time Warps. String 
Edits, and Macromolecules: The Theory and Practice of 
Sequence Comparison Addison-Wesley, Reading. MA; and 
software packages from IntelliGenetics. Mountain View CA- 

Madiso'n * ° f WiSC ° nSin Geneti " G -P- " 

The isolated Flt3 ligand DNA can be readily modified by 
nucleotide substitutions, nucleotide deletions, nucleotide 
insertions, and inversions of nucleotide stretches. These 
modifications result in novel DNA sequences which encode 

phyHolog,cal. immunogenic, or antigenic activity. These 
modified sequences can be used to produce mutant antigens or 
o enhance expression. Enhanced expression may involve gene 
amplification, increased transcript^, increased translation 

7 ChaniS,m - Such ™™ ™ ligand derivative; 
include predetermined or site-specific mutations of the 
respective protein or its fragments. "Mutant Flt3 ligard" 
encompasses a polypeptide otherwise falling within the 
homology definition of the mouse Flt3 ligand as set forth 

laTof ^ h r Vin !, " r in ° * qUenCe WWch diffc " fi- 
tful of FI«3 hgand as found in nature, whether by wav of 

deletion, substitution, or insertion. 

In particular, "site specific mutant FM ligand" generallv 
includes proteins having significant homology with a ligand ' 
havmg sequences of Table 1, and as sharing various biological 
activmes, < y„ antigenic or immunogenic, with those 
sequences, and in preferred embodiments contain most of the 
disclosed sequences. Similar concepts apply to different Flt3 
hgand proteins, particularly those found in various warm 
blooded animals, e.g. mammals and birds. As stated before it 
is emphasized that descriptions are eenerailv meant to " 
encompass all FIG ligand proteins, not limited to the mouse 
embodiment specifically discussed. 
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Although site specific mutation sites are predetermined, 
mutants need not be site specific. Flt3 ligand mutagenesis can 
be conducted by making amino acid insertions or deletions. 
Subt itutions. deletions, insertions, or any combinations may 
5 be generated to arrive at a final construct. Insertions include 
amino- or carboxy- terminal fusions. Random mutagenesis 
can be conducted at a target codon and the expressed mutants 
can then be screened for the desired activity. Methods for 
making substitution mutations at predetermined sites in DNA 

10 having a known sequence are well known in the an, e.g., by 
Ml 3 primer mutagenesis or polymerase chain reaction (PCR) 
techniques. See also Sar-brook. et al. (1989) and Ausubel. 
et al. (1987 and Supplements). 

The mutations in the DNA normally should not place 

15 coding sequences out of reading frames and preferably will 
not create complementary regions that could hybridize to 
produce secondary mRNA structure such as loops or hairpins. 

The present invention also provides recombinant 
proteins, e.g., heterologous fusion proteins using segments 

20 from these proteins. A heterologous fusion protein is a fusion 
of proteins or segments which are naturally not normally 
fused in the same manner. Thus, the fusion product of an 
immunoglobulin with a Flt3 ligand polypeptide is a continuous 
protein molecule having sequences fused in a typical peptide 

25 linkage, typically made as a single translation product and 
exhibiting properties derived from each source peptide. A 
similar concept applies to heterologous nucleic add sequences. 

In addition, new constructs may be made from 
combining similar functional domains from other pnxeias. For 

30 example, ligand-binding or other segments may be "swapped" 
between different new fusion polypeptides or fragments. See. 
e.g.. Cunningham, et al. (1989) Science 243:1320-1226: and 
O'Dowd. ei al. (1988) /. Biol. Chem. 263: 15985- 15992. Thus, 
new chimeric polypeptides exhibiting new combinations of 
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specificities will result from the functional linkage of ligand- 
binding specificities and other functional domains. 

The phospboramidite method described by Beaucage and 
Carruthers (1981) Tetra. Z^/m. 22:1859-1862. will produce 
z suitable synthetic DNA fragments. A double stranded 
fragment will often be obtained either by synthesizing the 
complementary strand and annealing the strand together 
under appropriate conditions or by adding the complementary 
strand using DNA polymerase with an appropriate primer 
sequence, e.g., PCR techniques. 

Functional Variants 

The blocking of physiological response to Flt3 ligands 
may result from the inhibition of binding of the ligand to the 
15 FU3 receptor, likely through competitive inhibition. Thus, 

in vitro assays of the present invention will often use isolated 
protein, membranes from cells expressing a recombinant 
membrane associated Flt3 ligand, soluble fragments 
comprising receptor binding segments of these ligands. or 
2C fragments attached to solid phase substrates. These assays 
will also allow for the diagnostic determination of the effects 
of either binding segment mutations and modifications, or 
ligand mutations ard modifications, e.g., ligand analogs. 

This invention also contemplates the use of competitive 
25 drug screening assays, e.g., where neutralizing antibodies to 
antigen or receptor fragments compete with a test compound 
for binding to the protein. In this manner, the antibodies can 
be used to detect the presence of any polypeptide which 
shares one or more antigenic binding sites of the ligand and 
22 can also be used to occupy binding sites on the protein that 
might otherwise interact with a receptor. 

Additionally, neutralizing antibodies against FIG ligand 
and soluble fragments of the ligand which contain a high 
affinity receptor binding site, can be used to inhibit ligand 
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den»a.i»es can be prep,,,,, oy Hnk ^ ' , . 
groups which are fid in p£ J'"*** of ,o 

the ammo terminal amino acid «r w «*w*i»es of 

j no acia or amino-grouD containing 

residues. e.|.. Iy si „e or „ jmM . ' P „!~" f 

from the group * alkyl.moie.ies inc „l g a ,„ C« , 

£L*~* ,orn,i ° , « «" 2£ cfvlT 1 

a.«»chmen. .o c*rier p,o.ei»s may be imporun, .beT 
immunogenic moieties are haptens 

made by ^i^g *'™ « <— * 

during L sy„,h« Z p~''°"o ""T °' ' 

»eps. Panicularly 1^ " " V***« 

by exposing the po^ZZ 77 «• >» 

mammal.a„ glycosyla,ion enzymes. DeLosvtL 
are also cont.mpia.ed. Aiso ^tT^JT"' 
same primary amino acid sequence which hT 1 
modifiers, inciudi.g p^C^T IT actresses 
e.g.. phos P ho,yros.ne. phosphoserine. o, phosphomre™ „" 

A major group of derivaU.es are covalen, *«.• , 
■ne Fi.3 iigand or fragment Hereof wi^ o ?, !2f™ °' 
po.ypep.ides. These deri»a,i,es can be JZ£77 
recombinant culture such as \ ? «r r . - . , 

r of age„« , - - 

l.n k ,n 3 pr„.e.„s .h,„„gh r e M ,ive side ^ 
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ligand deri.atiaation ,(,„ „,» aojs . linki 

ammo .roups. clr bohydr«e mo . etjej « ««J:ee 

Fuston polypeptides between Flo | i811M) . * ""T" 0 ' 
homologous or heKrolo,,., r«(d u 

^ grow* factors „,„ cylokiMJ „ c ta^^^J* J"'' 
cpea. construe, ma, „,», VJrio(1J ,„ - » 

lessened susceptibility , 0 „r 0 , eolyrtc e , ■**•« 
"»ny reckon reo.i,e iimai J M ^ZJTZ „ 

o Zot •"*"«-* ' *— "PCs * iSL 
o Homologous polypeptides may be fusions be-w... a « 

surface; markers. resnWng j„. . . , 1^' OTm 
receptor binding specific' y. ^ ^7''" T*"" 
may bej constructed ^w^T^^T*- f " Ii< " ,S 
Propels or amities of the debate '.ST" * 

«,.. ^^sJllrLi 1 r rar *~ 

receptor-binding segme^T h t ^l^Tl' 8 - ' , 

\ « a/.. U.S. Patent No. 4.859 609 Otlw - / ' 
' include bacteHa, B.ga.ae.osida£ ^Zn T^ 

Carr».bers (1981) Te,ra. U„s 'J***'*' Md 

suitab.e sy„th„ ic DNA fragments'-' A^£ 
fragmen, »j„ ofttn „, otaiM(J ™£l 

comp,e m entary strand and anneaHn, J sC oi l* 
■inder appropriate conditions or b. addin, .h. . 

s-rand using DNA polymerase witi, T^TSZT'' 

sequence. wropnaie primer 
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Such polypeptides may also ha»e amino acid residue 

s"u t -, o7 ^ r en,iM " y " 0d " hd * P-P"orvC 
sulfon..,on. btofnylaoon. or the addition „ r remova | 

mo,e„es. paniculariy those which ha.e molecul^ hL 
s.m,!ar u. phosphate groups. ,„ some embodiments T 



t 



> 94/2*191 



19 



FCT/USM/OSljO 



modifications will be useful labeling reagents, or serve as 
purification targets, e.g.. affinity ligands. 

Fusion proteins will typically be made by either 
recombinant nucleic acid methods or by syn.hetic polypeptide 
5 method, Techniques for nucleic «id manUrion and 

et al. (1989) Molecular Cloning: A Laboratory Manual (2d ed. 
Vol, 1-3. Cold Spring Harbor Laboratory. Techniques for 
synthesis of polypeptides are described, for example, in 
10 Memfield (1963) J. Amer. Chem. Soc. «:214 9 .2156- 

alT'/rJT S T C ' 232 ^ Atherto'n. e, a/. 

i 5 of a,! 1 !" ^ contem P ,ates * e «e of derivatives 

15 o FIG hgands other than variations in amino acid sequence or 
glycosylate. Such derivatives may involve covalent or 
aggregative association with chemical moieties. These 
derivatives generally fall into the three classes: (1) salts. 

20 n S h • ' ^ te^nina, reSldttC C0VsUem ""Nation, "d 
20 (3) adsorption complexes, for example with cell membranes 

Such covalent or aggregative derivatives are useful as 
.mmunogens as reagents in immunoassays, or in purification 
methods such as for affinity purification of ligands or other 
binding hgands. For example, a FU3 Iigand antigen can be 

25 immobilized by covalent bonding to a solid support such as 
cyanogen bromide-activated SEPHAROSE®, by methods wbkh 
are well known in the art, or adsorbed onto polyolefin 
surfaces, with or without glutaraldebyde cross-linking, for use 
in the assay or purification of anti-Flt3 ligand antibodies or its 

30 receptor. 

The FU3 ligands can also be labeled with a det- :*ble 
group, for example radioiodinated bv the. cbioramine T 
procedure, covalently bound to rare earth chelates or 
conjugated to another fluorescent moiety for use in diagnostic 
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assays. Purification of Fli3 ligand may be effected by 
immobilized antibodies or receptor. 

A solubilized FU3 ligand or fragment of this invention 
can , be usee as an immunogen for the production of antisera or 
anubod.es specific for the ligand or any fragments thereof. 
The punfied hgands can be used to screen monoclonal 
antibodies or ligand-binding fragments prepared by 
immunization with various forms of impure preparations 
containing the protein. In particular, the term "antibodies- 
also encompasses antigen binding fragments of natural 
antibodies. Purified Flt3 Hgands can also be used as a reagent 
to detect antibodies generated in response to the presence of 
elevated levels of the ligand or cell fragments containing the 
ligand both of which may be diagnostic of an abnormal or 
specific physiological or disease condition. 

Additionally, ligand fragments may also serve as 
immunogens to produce the antibodies of the present 
invention, as described immediately below. For example, this 
invention contemplates antibodies raised against amino acid 
sequences encoded by nucleotide sequences shown in Table 1 
or fragments of proteins containing them. In particular, this ' 
invention contemplates antibodies having binding affinity to 
or be:ng raised against specific fragments which are predicted 
to he outside of the lipid bilayer. 

The present invention contemplates the isolation of 
additional closely related species variants. Southern and 
Northern blot analysis should establish that similar genetic 
entities exist in other mammals. It is likely that FIG ligands 
are widespread in species variants, e.g.. rodents, lagomorphs 
carnivores, artiodactyla, perissodactyla. and primates 

The invention also provides means to isolate a ->roup of 
related antigens displaying both distinctness and similarities 
m structure, expression, and function. Elucidation of many of 
the physiological effects of the ligands will be greatly 
accelerated by the isolation and characterization of distinct 
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^ Vanams of the «!»*. I„ particular, the present 
nvennon provides useful probes for identifying additional 
homologous genetic entities in different species 

The isolated genes will allow transformation of cells 
lacking expression of a corresponding Fli3 Iigand. e g e her 
species types or cells which lack correspond'* , igani d 
exhibit neganve background activity. E xpr J on of 
transformed genes will allow isolation of antigenicaily pure 
eU lines, with defined or single specie variant. This 
approach wi„ allow for more sensitive detection and 
discrimination of the physiological effects of anv *It3 receptor 
proteins. Subcellular fragments e , r™. ' rcce P t0r 
fra*m M ,. ~ u • . asmenrs ' e -«- cytoplasts or membrane 
fragments, can be isolated and used i 
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Dissection of critical structural elements which effect the 
various differentiation functions provided by ligands i 
possible using standard techniques of modem molecular 
b£o gy , partlcularl jn comparing _ of rc] " d 

Scribed L C 8 " ^\ h ? m ° , °8- Scann -g ^genesis technique 
described ,n Cunningham, et al. (1989) Wee 243:1339 

rV a " d 3 a , P r aCheS ° SCd in 0V ™ d < » «■ (1988) J Biol 
Chem. 265:15985-1599-)- an H t ...ui • ^ "/ aioi. 

9:4381-4390 Lechleiter, et al. (1990) EMBO J. 

In particular, receptor binding segments can be 
subsututed between species variants to determine what 
tfucmral features are important in both receptor binding 

3f d f h CrCm hgand -I! be used to screen for 

hgands exhibiting combined properties of interaction with 
different receptor species variants. 

Intracellular functions would probably involve segments 
of the receptor which are normally accessible to the cytos" 
However. Iigand internalization may occur under certain 
circumstances, and interaction between intracellular 
components and "extracellular" segments mav 0CCU r The 
specific segments of interaction of Flt3 Iigand with 'other 
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intracellular componcnis may be identified by mutagenesis or 
direct biochemical means, e.g., cross-Unking or affinity 
methods. Structural analysis by crystallographic or other 
physical methods will also be applicable. Further investigation 
5 of the mechanism of signal transduction will include study of 
associated components which may be isolatable by affinity 
methods or by genetic means, e.g., complementation analysis 
of mutants. 

Further study of the expression and control of Flt3 
10 ligand will be pursued. The controlling elements associated 
with the ligands may exhibit differential developmental, tissue 
specific, or other expression patterns. Upstream or 
downstream genetic regions, e.g., control elements, are of 
interest. In particular, developmental or physiological 
15 variants, e.g., multiple alternatively processed forms of ligand 
have been found. See, e.g.. Table 3. Thus, differential splicing 
of message may lead to membrane bound forms, soluble 
forms, and modified versions of ligand; ^ 

Structural studies of the ligands will lead to designf of 
20 new ligands, particularly analogs exhibiting agonist or 

antagonist properties on the receptor. This can be combined 
with previously described screening methods to isolate ligands 
exhibiting desired spectra of activities. 

Expression in other cell types will often result in 
25 glycosylation differences in a particular ligand. Various 
species variants may exhibit distinct functions based upon 
structural differences other than amino acid sequence. 
Differential modifications may be responsible for differential 
function, and elucidation of the effects are now made possible. 
20 Thus, the present invention provides important reagents 

related to a physiological ligand-recepior interaction. 
Although the foregoing description has focused primarily upon 
the mouse Flt3 ligand, those of skill in the an will immediately 
recognize that the invention encompasses other ligands, e.g.. 
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rat and other mammalian species or allelic variants, as well as 
variants thereof. 
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Antihnd je^ 

Antibodies can be raised to various Flt3 ligands 
including species or allelic rariants. and fragments thereof 
both in their naturally occurring forms and in their 
recombinant forms. Additionally, antibodies can be raised to 
FIG hgands in either their active forms or in their inactive 
forms. Anti-idiotypic antibodies are also contemplated 

Antibodies, including binding fragments and single chain 
versions against predetermined fragments of the ligands can 
be raised by immunization of animals with conjugates of the 
fragments with immunogenic proteins. Monoclonal antibodies 
are prepared from cells secreting the desired antibody. These 
antibodies can be screened fcr binding to normal or defective 
Flt3 hgands. or screened for agonistic or antagonistic activity 
e.g -.mediated through the receptor. These monoclonal 
antibodies w,H usually bind with at least a K D of about 1 mM 
more usually at least about 300 uM, typically at leas, about ' 
0 uM more typically at least about 30 uM. preferably at 
least about 10 uM. and more preferably at leas, about 3 uM 
or better. H " 

The antibodies, including antigen binding fragments, of 
this mvennon can have significant diagnostic or therapeutic 
value. They can be potent antagonists that bind co the 
receptor and inhibit ligand binding or inhibit the ability of a 
hgand to elicit a biological response. They also can be useful 
as non-neutralizing antibodies and can be coupled ,o toxins or 
radionuclides so that when the antibody binds to ligand. a cell 
expressing it. e.g.. on its surface, is killed. Further these 
antibodies can be conjugated to drugs or other therapeutic 
agents, either directly or indirectly by means of a linker, and 
may effect drug targeting. 
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The antibodies of ibis invention can also be useful in 
diagnostic applications. As capture or non-neutralizing 
antibodies, they can be screened for ability to bind to the 
ligands without inhibiting receptor binding. As neutralizing 
5 antibodies, they can be useful in competitive binding assays. 
They will also be useful in detecting or quantifying Flt3 Hgand 
or its receptors. 

Ligand fragments may be joined to other materials, 
particularly polypeptides, as fused or covalently joined 

1C polypeptides to be used as immunogens. A ligand and its 
fragments may be fused or covalently linked to a variety of 
immunogens. such as keyhole limpet hemocyanin, bovine 
serum albumin, tetanus toxoid, etc. See Microbiology, Hoeber 
Medical Division, Harper and Row, 1969; Landsteiner (1962) 

15 Specificity of Serological Reactions. Dover Publications, New 
York, and Williams, et at (1967) Methods in Immunology and 
Immunochemistry, Vol. 1. Academic Press, New York for 
descriptions of methods of preparing polyclonal antisera. A 
typical method involves hyperimmunization of an animal with 

20 an antigen. The blood of the animal is then collected shortly 
after the repeated immunizations and the gamma globulin is 
isolated. 

In some instances, it is desirable to prepare monoclonal 
antibodies from various mammalian hosts, such as mice, 
25 rodents, primates, humans, etc. Description of techniques for 
preparing such monoclonal antibodies may be found in, e.g.. 
Stites, et aL (eds.) Basic and Clinical Immunology (4th ed.). 
Lange Medicd Publications, Los Altos, CA, and references cited 
therein: Harlow and Lane (1988) Antibodies: A Laboratory 
Manual. CSH Press; Goding (1986) Monoclonal Antibodies: 
Principles and Practice (2d ed.) Academic Press, New York; and 
particularly in Kohler and Milstein (1975) in Nature 256 A95- 
497. which discusses one method of generating monoclonal 
antibodies. 
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support, e.g., panicles, such as agarose. SEPHADEX®, or the like, 
where a cell lysate may be passed through the column, the 
column washed, followed by increasing concentrations of a 
mild denaturant, whereby the purified FIG ligand protein will 
be released. 

The antibodies may also be used to screen expression 
libraries for particular expression products. Usually the 
antibodies used in such a procedure will be labeled with a 
moiety allowing easy detection of presence of antigen by 
antibody binding. 

Antibodies raised against each Flt3 ligand will also be 
useful to raise anti-idiotypic antibodies. These will be useful 
in detecting or diagnosing various immunological conditions 
related to expression of the respective antigens. 

Nucleic Acids 

The described peptide sequences and the related 
reagents are useful in isolating a DNA clone encoding FIi3 
ligand, e.g.. from a natural source. Typically, it will be useful 
in isolating a gene from mouse, and similar procedures will be 
applied to isolate genes from other species, e.g., warm blooded 
animals, such as birds and mammals. See Table 3. Cross 
hybridization will allow isolation of ligand from other species. 
A number of different approaches should be available to 
successfully isolate a suitable nucleic acid clone. 

The purified protein or defined peptides are useful for 
generating antibodies by standard methods, as described 
above. Synthetic peptides or purified protein can be 
presented to an immune system to generate monocional or 
polyclonal antibodies. See, e.g.. Coligan (1991) Current 
Protocols in Immunology Wiley /Greene; and Harlow and Lane 
(1989) Antibodies: A Laboratory ?'-r.uaL Cold Spring Haibor 
Press. Alternatively, the Flt3 receptor can be used as a 
specific binding reagent, and advantage can be taken of its 
specificity of binding, much like an antibody would be used. 
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For example, the specific binding composiiion could be 
used for screening of an expression library made from a cell 
line wluch expresses a Flt3 ligand. The screening can be 
standard staining of surface expressed ligand. or by panning 
Screening of intracellular expression can also be performed by 
various staining or immunofluorescence procedures The 
binding compositions could be used to affinity purify or son 
out ceils expressing the ligand. 

The peptide segments can also be used to predict 
appropriate oligonucleotides to screen a library. The genetic 
code can be used to select appropriate oligonucleotides useful as 
probes for screening. See. e.g.. Table 3. In combination with 
polymerase chain reaction (PCR) techniques, synthetic 
oligonucleotides will be useful in selecting correct clones from a 
library. Complementary sequences will also be used as probes 
or primers. Based upon identification of the likely amino 
terminus, the third peptide should be particularly useful e g 
coupled with anchored vector or poly- A complementary PCR ' 
techniques or with complementary DNA of other peptides 
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Table 3: Flt3 Ligand Peptide Sequent ITH [ Exempt*™ 
Predicted OligomictgntiH,. Proh^/Prim^ 



1. 


r 


V 0 T 


(MCST) 


X (S) 




TT(T/C) 


CTN CA(C/A) ACN 


AA(C/T) 


AT(A/C/T) 


b) 


TT(T/C) 


CTN CA(C/A) ACN 


TC{T/C> 


AT(A/C/T) 


c) 


TT(T/C) 


CTN CA(C/A) ACN 


AG<C/T> 


ATCA/C/T) 


d) 


TT(T/C) 


CTN CA(C/A) ACN 


TCH 


AT(A/C/T) 


• ) 


TT(T/C) 


GTN CA(C/Ai ACN 


ACN 


ATCA/C/T) 


2. 


D 


Y P V 


7 V 


A V (N) L 




GA(T/C) 


TA(T/C) CCN CTN 


ACN CTN 




3. 


T P 


D C 


Y 


F S H 




ACN CCN 


CA(T/C) TG<T/C) 


TA<T/C) 


TTIT/C) 


4. 


W 


I £ 


Q 


L X 


a) 


TCG ATU/C/T) GA(C/A) CA(G/A) CTN AA<G/A) 


b) 


TCC ATU/C/T) GACG/A) CA(G/A) TT(A7G) AA(C/A) 


5. 


N 


T X 


V 


R F 



(0) (Pi iC) iS) 



AA(T/C) TT(T/C) AA(A/C) CIN AA(A/C) TTtT/C) 

and sequence: 

ACT CCT GAC TCT TAC TTC AGC CAC ACT CCC ATC TCC TCC AAC 
AAA GTG AAC TTT AGA GAC TTC ACT GAC CAC CTC CTT AAA CAT 



30 Sequences of various mammalian FIG ligand variants are: 

mouse T110/MB8/T118 

GAATTCCcGCccccGTCCAGCcftrarecGAc^^ n xi L n cm x 

ACTTCCAAGAACCTCTCACAGGCATGAGGGGTCCCCGGCACAG ATC ACA CTC CTC CCC CCA 
35 MET Thr Val Leu Ale Pro 6 



CCC TCG AGC CCA AAT TCC TCC CTC TTC CTC CTC TTC CTC CTC CTC ACT CVT 
Ala Trp Ser Pro Asn Ser Ser Leu Leu Leu Leu Leu Leu Leu Leu Ser Pro 23 

40 TC^CTCCCCC^ACACXTCACTXrrTACTTCAK 

Cys Leu Arg Cly Thz Pro Asp Cvs Tvt Ph* ^ s#r p~ Tie g #r 40 



AAC TTC AAA CTC AAC TTT AGA GAC TPC ACT CAC CAC CTC CTT AAA CAT TXT 

Asn Phe Lvs Val Lvs Phe Arq Glu A^ » - c t^>- ' ^« ^ c T 



CCA CTC ACT CTC CCC CTC AAT CTT CAC CAC GAC KHZ CXZ T^C AAC CCC TTC 
Pra Val Thr Val Ala Val Asn 1^ y M ^ cy, Lys j^a ^ 7^ 



TraACCCrCTTCCTACTCCAGCCCTCCATACJ^CAACTC CCA' 
50 Trp Ser Leu Phe Leu Ala Cln Arg Trrs Tl» c. iu ^ ^ Va1 JUa 91 
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Table 3 (continued): 



is 



30 



45 



COG 
Cly 


TCT 

Sar 


AAC 
Lys 


ATC 
Mat 


CAA 

Cln 


ACC 
Thr 


CTT 
Lau 


CTC 
Lau 


CAC CAC 
Clu Asp 


CTC AAC 
Val Asn 


ACC CAC 
Thr Clu 


ATA 
lis 


CAT TTT 
His Pha 


108 


CTC 
Val 


ACC 
Thr 


TCA 
Sar 


TCT 
Cys 


ACC 
Thr 


TIC 
Pha 


CAC 
Gin 


CCC 
Pro 


CTA CCA 
Lsu Pro 


CAA TCT 
Clu Cys 


CTC CCA 
Lau Arg 

CAC CTC 
Cln Lau 


TIC 


CTC CAC 

Vil filn 


12$ 


ACC 

IhL. 


AAC 


ATC 
JLlft 


TCC 
Sar 


CAC 
His 


CTC 
Lau 


CTC 
Uu 


AAC 

Lys 


CAC ACC 
Asp Thr 


TCC ACA 
Cys Thr 




CCT CTC 
Ala Lau 












Lau 


142 


AAG 
Lys 


CCC 
Pro 


TCT 

cy» 


ATC 
lift 


OCC 
Cly 


AAC 

ty« 


CCC 
Ala 


TCC 
Cys 


CAC AAT 
Cln Asn 


TPC TCT 
Pha Sar 


CCC TCC 
Arg Cys 


CTC 
Lau 


GAG CTC 
Clu Val 


1S9 


CAC 

Cln 
win 


TCC 
wy» 


CAC 

will 


CCC 
i*ro 


mo 

A CAC TCC Tl 
A Asp Sar S* 


X ACC CTC CTC CCC CCA AOC A 
tr Thr Lau Lau Pro Pro Arg S 


CT CCC ATA CCC 

ar Pro lis Ala 17€ 


CTA 
Lau 


CAA 

Clu 


CCC 
AXa 


ACC 
Thr 


CAC 
Clu 


CTC 
Lau 


CCA 
Pro 


CAC 
Clu 


CCT CCC 
Pro Arg 


CCC ACC CAC CTC TTC CTC CTC 
Pro Arg Cln Lau Uu Lau Lau 


193 


CTC 
Lau 


CTC 
Lau 


CTC 
Lau 


CTC 
Lau 


CTC 
Lau 


OCT 
Pro 


CTC 
Lau 


Wit 


CTC CTC 
Lau Val 


CTC CTC 
Lau Lau 


CCA CCC 
Als Ala 


CCC 
Ala 


TCC CCC 
Trp Cly 


210 


CTT 
Lau 


CCC 
Arg 


TCC 
Trp 


CAA 

Cln 


ACC 
Arg 


CCA 
Ala 


A^A iCC 
Arg Arg 


ACC OCC GAG CTC CAC CCT CCC CTC CCC 
Arg Cly Clu Lau His Pro Cly Val pro 


227 


CTC 


CCC 


TCC 


CAT 
Mis 


CCC 
Pro 


TACC 


^TCC 


XAGC 














Lau 


Pro 


Sar 










rratcccAc 


2CGTC 


TTATCTC 


232 



— -^.wvnnui^ ,ArA7T-t-rrjy7rr»iriir 

35 vat laaarc (3* aalao *eld») 



or nil 



ACC 
Arg 


CTA 
Lau 


CCC 
Cly 


CTC ACC 
Lau Thr 


CTC 
Lau 


A13 


ACT 
Sar 


CCT 
Ala 


CCC 
Cly 


att aca 

Ila Thr 


I CAC 

* * ■ 


TCC j 
A29 


CAC 
Cln 


CAC 
His 


CAT 
His 


CCT CCC 
Cly Ala 




17€ 


CCA 
Pro 


CCC 
Cly 


CTT 
Lau 


Lau Lau 






TAT 
Tyr 


TTT 
Pha 


CTC 
Lau 


TCT TTT 
Sar Pha 


Lau 





» * A 



CT TTT T7A AAC ATC TAT CTT TAT CTC TCACTCTTrTACCTACATCCCTCTAAC 
Sar Sar Pha Lau Lys Mat Tyr Lau Tyr Val 
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Table 3 (continued) 
human S86/S109 

^aooaxxcccoocccAA atc aca or ere ccc cca cce 

MET Thr V«l L«u XI* Pr© Al4 7 
TCC ACC CCA ACA ACC TAT CTC nr _ 

ACT GCC ACC CAC GAC TG£ *wv 

- «, „ rel . -^-s: --------- (i 

CCT CTC AAA ATC CCT CAC CTC TCT CMC +%r r~~. 

20 ai« vi ty . n . ^ ciu £j £j J* ere err caa cat tac cca ctc 

, **P Ty* Lau Lau Gin A.p Tyr Pro V.l 58 

ACC CTC GCC TCC AAC CTC CAC CAC CAC Gir. r-*- 

AAA TCT CCC TIT CAC CCC err rrr m ., 

35 U. ^ ^ ^ cln clu Th, s« ^ ^ S ~ £ s 143 

J^ATCACTCCCCACAACTTCTCCCMTCCCTCc^r-w...- 

*»»»•«--.«..-»...»,;: 2 £ z s » ~ « ,„ 

4C stC 



«C TCC TCA ACC CTC CCA CCC CCA TCC ACT CCC rer < ~~ ~* 

S. r S. r Thr L.u Pro Pro Trp J£ £ £ £ 2 C^ 2 £ 177 

CCC CCC ACA CCC CCC CAC CCC CCT CTC CTC CTC r-x rir* ^ 

ty« Mu His Trp Cla Arg Thr Arg 2il 
50 CCG ACC ACA CCC CCC CCT COG CAC CAC CTC CCC rr-r 

^ ^ 23 ST ^ ^ ^^""^—CTOX^T.Cc™* 

55 235 

^ACAGJuxxxaurrcACCAccc 
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Table 3 (continued): 



20 



«c'ccc ccr ccc cag tcc cca oca ccr ccr err tct oca oca ctc acc 

Oly Ala Pro Ax (J Pro Oln S.r Pro Oly Pro Al. Ala Cy. Cly Al. L.u Thr 

"«I CCA AGO CCT CAT CCT OOO GAG GUT ACT GAG CCA CAC ACA CCC CAC TCA 
Trp Pro Axg Pro Hi. Pro Cly Clu A-P Thr Clu Al. Hi. Arg Cly. Clu S.r 194 

CCA GCC ACA GGA TCC ATA CCC TOO ACA CAC AGC AAC TTO CCT AGA OCC COG 
pro Al* Axg Cly cy. 11. Al. Trp Thr Gin Axg Ly. l*i Al. Axg Cly Arg 211 

TCC CTT CCT TOG CCC CCT CTC ATT CCC TCC CCA GAA TOO AGC CAA CCC CAC 

S«r L.u Pro Trp Al. Pro L«u 11. Pro S«r Pro Clu Trp Arg Gin Arg Gin 22* 

XXT CCA CCA CCC CCC CCA TTT ACC CAA CTC TGT ACA AAG CCC TTC TCC CCA 

Asr. Pro Al. Pro Al. Pro Ph. Thr Gin L«u Cy. Tltr Ly. Pro L.u S.r Pro 245 

T&AAATTCTATATAAATC A ' IV- iVl ' ll I A CCAAAAAAAAAAAAAAA 



\ 
i 

25 



Of course the complementary sequences are also useful. 

The sequences shown in Table 3 are also defined in the 
Sequence Listing as follows: 

Peptide — SKHPNCE 



1. a) 

b) 
O 
d) 

30 e) 
2. 
3. 

4. a) 

b) 

35 5. 



25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

Nucleotide Sequence 35 
MoT110/T118 21 
MB8 23 
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Tl 18 

Nucleotide Sequence 2 4 

Amino Acid Sequence 2 2 

HuS86/S109 

S109 
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20 



An isolated nucleic acid encoding an amino terminal 

10 segment has been isolated and sequenced and provides the 
following sequence: ACT CCT GAC TOT TAC TTC AGC CAC ACT 
CCC ATC TCCTCC AAC TTC AAA GTG AAG TTT AG A GAG TTG 
ACT GAC CAC CTG CTT AAA GAT. This may be used as a probe 
to isolate a longer or full length clone and will lead to isolation 

15 of other species or allelic variants or other closelv related 
genes. See Table 3 and Table 5, below. 

' This invention contemplates use of isolated DNA or 
fragments to encode a biologically active corresponding Flt3 
ligand polypeptide. In addition, this invention covers isolated 

20 or recombinant DNA which encodes a biologically active 

protein or polypeptide which is capable of hybridizing under 
appropriate conditions with the DNA sequences described 
herein. Said biologically active protein or polypeptide can be 
an intact ligand, or fragment, and have an amino acid 

25 sequence as disclosed in Table 1. Further, this invention 
covers the use of isolated or recombinant DNA. or fragments 
thereof, which encode proteins which are homologous to a Flt3 
ligand or which was isolated using cDNA encoding a FIt3 ligand 
as a probe. The isolated DNA can have the respective 

30 regulatory sequences in the 5' and 3* flanks, e.g.. promoters, 
enhancers. poly-A addition signals, and others. 

An "isolated - nucleic acid is a nucleic acid. e.g.. an RNa. 
DNA. or a mixed polymer, which is substantially separated 
from other components which naturally accompany a native 



1 
1 

j 
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cloned DNA i,„l«e, and VhT „ «««>«■«« o, 

Ar. isolated nucleic acid will «.„„„,, w 
composition of molecules, but will T * 3 homo S CTe °« 
conuin minor heterogene tv h 

'o«nd a, me pa**JJ?' m is **** 

biological function or activi^ °' Cnt,CaI to a 



25 



30 



method of production e * . , rcfere "ce to its 

■"v.lvi„ g imen , eiujoii ■ 

typically selection or nrod^ri. .! " ac ' coa ' c sequence, 
nucleic acid L, "/ f„"X « <- be a 

o f ~ 0 fnpMms „a,xi: con,prisin8 fo!i °" 

—I, occurring £f£ "«•"«. e.g.. 

by reforming cells win ™ ^ - P ' 0 * ,eO 
«ec.or is encompassed' as Le "7'"""' .° CC '" Ti " 8 

sequence derived using *Z* !? S COm|>rata * 

Such is often done ,o replal Tot 0,, * omtt, e«"ide process, 
"coding .he same OT a co«U " m " mUm «*« 

Alternatively, i, is nerf * T'"" reco ?"»ion site. 

se ?m en U ./desJd "CTTr ""^ 

entity comprising a desired c « m h S,ng,c « enetic 

in *. common,; »^ J^T^* ~ ^ 

recognition sites are often th* f ,„ , R«mction en 2 y mc 

e.g., promoters. 
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DNA replication sites, regulation sequences, control sequences 
or other useful features may be incorporated by design A ' 
similar concept is intended for a recombinant, e.g.. fusion 
polypeptide. Specifically included are synthetic nucleic acids 
which, by genetic code redundancy, encode polypeptides 
similar to fragments of these antigens, and fusions of 
sequences torn various different species variants. 

A significant "fragment" in a nucleic acid context is a 
contiguous segment of at least about 17 nucleotides, generally 
at least 20 nucleotides, more generally at least 23 nucleotides 
ordinarily at least 26 nucleotides, more ordinarily at least 29 ' 
nucleotides, often at least 32 nucleotides. more often a, least 
35 nucleotides, typically at least 38 nucleotides, more typically 
at least 41 nucleotides, usually at least 44 nucleotides, more ' 
usually at least 47 nucleotides, preferably at least 50 
nucleotides, more preferably at .least 53 nucleotides, and- in 
particularly preferred embodiments', will be at least 56 or 
more nucleotides. > 

A DNA which codes for a Flt3 ligand protein will be 
particularly useful to identify genes, mRNA, and cDNA species 
which code for related or homologous ligands. as well as DNAs 
which code for homologous proteins from different species 
There are likely homologues in other species, including 
primates. Various FU3 ligand proteins should be homologous 
and are encompassed herein. However, even proteins that 
have a more distant evolutionary relationship to the ligand 
can readily be isolated under appropriate conditions usin. 
these sequences if they are sufficiently homologous. Primate 
FIt3 ligand proteins are of particular interest. 

This invention further covers recombinant DNA 
molecules and fragments having a DNA sequence identical to 
or highly homologous to the isolated DNAs set forth herein In 
particular, the sequences will often be operablv linked to DNA 
segments which control transcription, translation, and DNA 
replication. Alternatively, recombinant clones derived from 

i 



20 



25 



30 
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the genomic sequences, e.g.. containing introns. will be useful 
for transgenic studies, including, e.g., transgenic cells and 
organisms, and for gene therapy. See, e.g., Goodnow (1992) 
"Transgenic Animals" in Roitt (ed.) Encyclopedia of 
5 Immunology Academic Press, San Diego, pp. 1502-1504; 
Travis (1992) Science 25(5:1392-1394; Kuhn, ex al. (1991) 
Science 254:707-710; Capecchi (1989) Science 244:1288; 
Robertson (1987)(ed.) Teratocarcinomas and Embryonic Stem 
Cells: A Practical Approach IRL Press, Oxford; and Rosenberg 

10 (1992) J. Clinical Oncology 70:180-199. 

Homologous nucleic acid sequences, when compared, ] 
exhibit significant similarity. The standards for homology in 
nucleic acids are either measures for homology generally used 
in the art by sequence comparison or based upon 

15 hybridization conditions. The hybridization conditions are 
described in greater detail below. 

Substantial homology in th$ nucleic acid sequence 
comparison context means either that the segmen\s, or their 
complementary strands, when compared, are identical when 

20 optimally aligned, with appropriate nucleotide insertions or 
deletions, in at least about 50% of the nucleotides, generally at 
least 56% % more generally at least 59%, ordinarily at least 62%, 
more ordinarily at least 65%, often at least 68%, more often at 
least 71%, typically at least 74%, more typically at least 77%, 

25 usually at least 80%, more usually at least about 85%. 

preferably at least about 90%, more preferably at least about 
95 to 98% or more, and in particular embodiments, as high at 
about 99% or more of the nucleotides. 

Alternatively, substantial homology exists when the 

3C segments will hybridize under selective hybridization 

conditions, to a strand, or its complement, typically using a 
sequence derived from Table 2. Typically, selective 
• hybridization will occur when there is at least about 55% 
homology over a stretch of at least about 30 nucleotides. 

35 preferably at least about 65% over a stretch of at least about 
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25 nucleotides, more preferably at least about 75%. and most 
preferably at least about 90% over about 20 nucleotides. See. 
Kanehisa (198-1) Nuc. Acids Res, 72:203-213. 

The length of homology comparison, as described, may 
5 be over longer stretches, and in certain embodiments will be 
over a stretch of at least about 17 nucleotides, usually at least 
about 20 nucleotides, more usually at least about 24 
nucleotides, typically at least about 28 nucleotides, more 
typically at least about 40 nucleotides, preferably at least 

10 about 50 nucleotides, and more preferably at least about 75 to 
100 or more nucleotides. 

Stringent conditions, in referring to homology in the 
hybridization context will be stringent combined conditions of 
salt, temperature, organic solvents, and other parameters, 

15 typically those controlled in hybridization reactions. Stringent 
temperature conditions will usually include temperatures in 
excess of about 30° C more usually in excess of about 37° C, 
typically in excess of about 45° C, more typically in excess of 
about 55° C t preferably in excess of about 65° C. and more 

20 preferably in excess of about 70° C. Stringent salt conditions 
will ordinarily be less than about 1000 mM. usually less than 
about 500 mM. more usually less than about 400 mM. 
typically less than about 300 mM. preferably less than about 
200 mM, and more preferably less than about 150 mM. 

25 However, the combination of parameters is much more 

important than the measure of any single parameter. See. e.g., 
Wetmur and Davidson (1968) J. Mol Biol. 57:349-370. 

Flt3 ligand from other mammalian species can be cloned 
and isolated by cross-species hybridization of closely related 

2Z species. See. e.g., below. Homology may be relatively low 
between distantly related species, and thus hybridization of 
relatively closely related species is advisable. Alternatively, 
preparation of an antibody preparation which exhibits less 
species specificity may be useful in expression cloning 

25 approaches. 
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Making Fit! l.i 

DNA which encodes the FU3 ligand or fragments thereof 
can be obtained by chemical synthesis, screening cDNA 
5 libraries, or by screening genomic libraries prepared from a 
wide variety of cell lines or tissue samples. 

This DNA can be expressed in a wide variety of host cells 
for the synthesis of a full-length ligand or fragments which 
can in turn, for example, be used to generate polyclonal or 

10 monoclonal antibodies; for binding studies; for construction 
and expression of modified molecules; and for 
structure/function studies. Each antigen or its fragments can 
be expressed in host cells that are transformed or transfected 
with appropriate expression vectors. These molecules can be 

15 substantially purified to be free of protein or cellular 

contaminants, other than those derived from the recombinant 
host, and therefore are particularly useful in pharmaceutical 
compositions when combined with a pharmaceutical^ 
acceptable carrier and/or diluent. The antigen, or portions * 

20 thereof, may be expressed as fusions with other proteins. 

Expression vectors are typically self-replicating DNA or 
RNA constructs containing the desired antigen gene or its 
fragments, usually operably linked to suitable genetic control 
elements that are recognized in a suitable host cell. These 

25 control elements are capable of effecting expression within a 
suitable host. The specific type of control elements necessary 
to effect expression will depend upon the eventual host cell 
used. Generally, the genetic control elements can include a 
prokaryotic promoter system or a eukaryotic promoter 

30 expression control system, and typically include a 

transcriptional promoter, an optional operator to control the 
onset of transcription, transcription enhancers to elevate the 
level of mRNA expression, a sequence that encodes a suitable 
ribosome binding site, and sequences that terminate 

35 transcription and translation. Expression vectors also usually 
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conuin an origin of replication cut allows the vector to 
replicate independently of the host cell. 

The vectors of this inventioa conuin DNA which encodes 
a Flt3 ligand. or a fragment thereof, typically encoding a 
biologically active polypeptide. The DNA can be under the 
control of a viral promoter and can encode a selection marker 
This invention further contemplates use of such expression 
vectors which are capable of expressing eukaryotic cDNA 
coding for a FIG ligand in a prokaryotic or eukaryotic host 
where the vector is compatible who the host and where the 
eukaryotic cDNA coding for the ligand is inserted into the 
vector such that growth of the host containing the vector 
expresses the cDNA in question. Usually, expression vectors 
are designed for stable replication in their host cells or for 
amplification to greatly increase die total number of copies of 
the desirable gene per cell. It is sot always necessary to 
require that an expression vector replicate in a host cell. e.g.. it 
is possible to effect transient expression of the ligand or its * 
fragments in various hosts using vectors that do not contain a 
replication origin that is recognized by the host cell. It is also 
possible to use vectors that cause integration of a Flt3 ligand 
gene or its fragments into the host DNA by recombination, or 
to integrate a promoter which comrois expression of an 
endogenous gene. 

25 Vectors, as used herein, comprise plasmids. viruses. 

bacteriophage, integratable DNA fragments, and other vehicles 
which enable the integration of DNA fragments into the 
genome of the host. Expression vectors are specialized vectors 
which contain generic control elements that effect expression 
of operably linked genes. Plasmids are the most commonly 
used form of vector but ail other forms of vectors which serve 
an equivalent function and which are. or become, known in 
the an are suitable for use herein. See. e.g.. Poowels. et al. 
(1985 and Supplements) Cloning Vexors: A Laboratory 
Manual, Elsevier. N.Y., and Rodriqoa. et al. (1988Xcds.) 
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Vectors: A Survey of Molecular Cloning Vectors and Their 
Uses, Butterswonh. Boston, MA. 

Transformed cells include cells, preferably mammalian, 
that have been transformed or transfected with Flt3 ligand 
5 gene containing vectors constructed using recombinant DNA 
techniques. Transformed host cells usually express the ligand 
or its fragments, but for purposes of cloning, amplifying, and 
manipulating its DNA, do not need to express the protein This 
invention further contemplates culturing transformed cells in 

10 a nutrient medium, thus permitting the protein to accumulate 
in the culture. The protein can be recovered, either from the 
culture or from the culture medium. 

For purposes of this invention. DNA sequences are 
operably linked when they are functionally related to each 

IS other. For example. DNA for a presequence or secretory leader 
is operably linked to a polypeptide if it is expressed as a 
preprotein or participates in directing the polypeptide to the 
cell membrane or in secretion of the polypeptide. A promocv 
is operably linked to a coding sequence if it controls the 

2C transcription of the polypeptide; a ribosome binding site is 
operably linked to a coding sequence if it is positioned to 
permit translation. Usually, operably linked means contiguous 
and in reading frame, however, certain genetic elements such 
as repressor genes are not contiguously linked but still bind to 

25 operator sequences that in turn control expression. 

Suitable host cells include prokaryotes. lower 
eukaryotes. and higher eukaryotes. Prokaryotes include both 
gram negative and gram positive organisms, e.g.. £. coli and 
B. subtilis. Lower eukaryotes include yeasts, e.g^ S. cerevisiae 

3C and Pichia. and species of the genus Dicryosielium. Higher 
eukaryotes include established tissue colore cell lines from 
animal cells, both of non-mammalian origin. eg, insect cells, 
and birds, and of mammalian origin. e.g~. mrman. primate's, and 
rodents. 
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Prokaryofic host-vector systems include a wide vane.v 
o. vectors for many different species. As used herein r ? 
and its vecr win be ^ „ qu ^ 

p Hying DNA is P BR322 or many of « derivatives Vector, 
«ha can * UScd „ express ^ ^ ^ ^ -ors 

include, but are not limited to. such vector* as those fT» 
the lac promoter (pUC-series)- m, „™ * containing 

\pwv. senesj, trp promoter fpBR312-tm\- i„„ 
promoter (the DlN-serie«v i*~.k,4 n crj». i pp 

nr k„k } * ,amWa -pP or pR promoters (pCTS) 

or hybnd promoters such as ptac (dDR540l w p 
HQJIR. • K vpuiww*. See Brosius. « a/ 

Ipp-den.ed Promcws". ■„ Ro dn gue2 and ( £ ' Md 

Bu„.„ wont . Bos , 0 „, Chspler J0 ^ 

•Tansfc-™^' '^T; e - 8 - ,eaMS ,nd "helium. „ v be 
■reformed «U. FM Ii gsMd Kquence cmoini • " 

ho,, ,s the baters yeasl . Saccharomyces 

used ,o aenerical.y re p resCTI , ow „ •» 

numb., of Cher STatas and species m «« " ^ 
v«=,«rs weal!, con*, of , rep , icalion oriliD T « 

^2*' — - » ~. U Uc^;. 

mc desired orotein or ire fri«r«— . - 

. wicni or ns fragments, and sequences for 

„,ri„ v . 3-phosphoglyceriB kinase and 

£TL ' mp " 8 " e ' * 

mducble promoiers as ,he alcohol dehvdro»nase ■> J 

or me.aHo.hionine pro mol „. Sujtlb]e ^ 

denvauves of the following 'vtv<- «if ~ ,• - " 

u in 8 Opes, self-rephcanne low mr-- 
number (such as ,hc YRp-scrics,. Kli - n ^ 02 \ £ ^ 

he Yin YE ^ ri «^ '»«8«.in| Uucl^ 

•be Ylp-senes). or mini-ch,omosomes (such as <h c YCp-JL 



I 



'94/2*891 Pf 



PCT/US94/05150 

41 



'0$ 



Higher eukaryotic «i SSU c culture cells *e the preferred 

roe" , ^f 0 * ° f fUnCti0Ml, y « ve ™ Hgand 
protein. In principle, any higher eukaryotic tissue culture cell 

7 ^ 7 ' e -«- inSCCt bacu,ov in.s expression systems 
whether from an invertebrate or vertebrate source. However 
mammahan cells are preferred, in that the pressing, both 
cotranslationally and posttranslationally. Transformation or 
transfection and propagation of such cells has become a 
routine procedure. 

Examples of useful cell lines include HeLa cells. Chinese 

rat kidney (BRK) cell 
mes. insect cell lines, bird cell lines, and monkey (COS) cell 
lines. Expression vectors for such cell lines usoaJlv include an 
ongin of replication, a promoter, a translation initiation site. 
RNA sphce sues Of genomic DNA is -used), a polyadenylation 
sue and a transcription termination site. These vectors also 
usually contain a selection gene or amplification gene 

Suitable expression vectors may be plasnrids. viruses or 
retrov,ruses carrying promoters derived, e.g.. from such 
sources as from adenovirus, SV40. parvoviruses, vaccinia 
virus, or cytomegalovirus. Representative examples of 
suitable expression vectors include pCDNAl- pCD see 
Okayama. et al. (1985) Mol. Cell Biol. 5:1 136-1142- pMCln-o 
Poly-A. see Thomas, et al. (1987) Cell i/^03-5P- and a 
baculovirus vecror such as pAC 373 or pAC 610 

It will often be desired to express a Flt3 tigand 
polypepnde in a system which provides a specif or denned 
glycosylate pattern. In this case, the usual ^ be 

that provide naturally by the expression svstem. However 
the pattern will be modifiable by exposine 'the polypeptide ' 
e.g.. an unglycosylated form, to appropriate glv-sClatin* ■* 
proteins introduced into a heterologous expression " svstem 
For example, die rid ligard gene may be conformed with 
one or more genes enco-g mammalian or other ilvcosviatin- 
enzymes. Using this approach, certain mammalia" ' ' " 
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glycosylate patterns will be achievable or approximated in 
prokaryote or other cells. 

The Flt3 ligand. or a fragment thereof, may be 
engineered to be phosphatidyl inositol (P!) linked to a cell 
5 membrane, but can be removed from membranes by 

treatment with a phosphatidyl inositol cleaving enzyme, e.g.. 
phosphatidyl inositol phospholipase-C. This releases the 
antigen in a biologically active form, and allows purification by 
standard procedures of protein chemistry. See. e.g.. Low 
10 (1989) Biochim. Biophys. Acta 988:427-454; Tse. et al. (1985) 
Science 230:1003-1008; and Brunner. et al. (1991) / Cell Biol 
7^:1275-1283. 

Now that the Fli3 ligand has been characterized, 
fragments or derivatives thereof can be prepared by 

15 conventional processes for synthesizing peptides. Thes* 

include processes such as are described in Stewart and Young 
(1984) Solid Phase Peptide Synthesis. Pierce Chemical Co.. 
Rockford. IL; Bodanszky and Bodanszky (1984) The Practice of 
Peptide Synthesis. Springer-Verlag. New York; and Bodanszky 

20 (1984) The Principles of Peptide Synthesis. Springer-Verlag. 
New York. 

For example, an azide process, an acid chloride process, 
an acid anhydride process, a mixed anhydride process, an 
active ester process (for example, p-nitrophenyl esteT. 

25 N-hydroxysuccinimide ester, or cyanomethyl ester), a 

carbodiimidazole process, an oxidative-reductive process, or a 
dicyclohexylcarbodiimide (DCCD)/additive process can be used. 
Solid phase and solution phase syntheses are both applicable 
to the foregoing processes. 

30 The Flt3 ligand, fragments, or derivatives are suitably 

prepared in accordance with the above processes as typical) v 
employed in peptide synthesis, generally either by a "so-calJed 
stepwise process which comprises condensing an amino acid to 
the terminal amino acid, one by one in sequence, or by 

25 coupling peptide fragments to the terminal amino acid. Amino 
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groups that arc not being used in the coupling reaction are 
typically protected to prevent coupling at an incorrect location. 

If a solid phase synthesis is adopted, the C-terminai 
amino acid is bound to an insoluble carrier or support 
5 through its carboxyl group. The insoluble carrier is not 

particularly limited as long as it has a binding capability to a 
reactive carboxyl group. Examples of such insoluble carriers 
include halomethyl resins, such as chloromethyl resin or 
brcmomethyl resin, hydroxymethyl resins, phenol resins, 

ic tert-alkyloxycarbonyl-hydrazidatcd resins, and the like. 

An amino group-protected amino acid is bound in 
sequence through condensation of its activated carboxyl 
group and the reactive amino group of the previously formed 
peptide or chain, to synthesize the peptide step by step. After 

15 synthesizing the complete sequence, the peptide is split off 
from the insoluble carrier to produce the peptide. This 
solid -phase approach is generally described by Merrifield, 
et al. (1963) in J. Am. Chem. Soc. £5:2149-2156. 

The prepared ligand and fragments thereof can be 

2C isolated and purified from the reaction mixture by means of 
peptide separation, for example, by extraction, precipitation, 
electrophoresis and various forms of chromatography, and the 
like. The Flt3 ligands of this invention can be obtained in 
varying degrees of purity depending upon its desired use. 

25 Purification can be accomplished by use of the protein 

purification techniques disclosed herein or by the use of the 
antibodies herein described in immuno^bsorbant affinity 
chromatography. 

Th is immunoabsorbant affinity chromatography is 
3C carried out by first linking the antibodies to a solid support 
and then contacting the linked antibodies with solubilized 
lysates of appropriate source cells. lysates of other cells 
expressing the ligand, or lysates or s*jpernatants of cells 
producing the Flt3 ligand as a result of DNA techniques, see 
35 below. 
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Uses 

The present invention provides reagents which will find 
use in diagnostic applications as described elsewhere herein, 
e.g., in the general description for developmental 
abnormalities, or below in the description of kits for diagnosis. 

This invention also provides reagents with significant 
therapeutic value. The Flt3 ligand (naturally occurring or 
recombinant), fragments thereof and antibodies thereto, along 
with compounds identified as having binding affinity to FIG 
ligand, should be useful in the treatment of conditions 
associated with abnormal physiology or development, 
including abnormal proliferation, e.g., cancerous conditions, or 
degenerative conditions. In particular, modulation of 
development of lymphoid cells is likely, but the wider tissue 
distribution on non-lymphoid tissues, e.g., gonads and neural 
ceils, suggests that development of those tissues will be 
similarly responsive. 

Abnormal proliferation, regeneration, degeneration, and 
atrophy may be modulated by appropriate therapeutic 
treatment using the compositions provided herein. For 
example, a disease or disorder associated with abnormal 
expression or abnormal signaling by a FIG ligand should be a 
likely target for an agonist or antagonist of the ligand. The 
iigand likely plays a role in regulation or development of 
hematopoietic cells, e.g., lymphoid cells, which affect 
immunological responses, e.g., autoimmune disorders. 

Other abnormal developmental conditions are known in 
each of the cell types shown to possess FIG receptor mRNA by 
Northern blot analysis. See Berkow (ed.) The Merck Manual of 
Diagnosis and Therapy, Merck & Co., Rahway. NJ.; and Thorn. 
et al. Harrisons Principles of Internal Medicine. McGraw-Hill. 
N.Y. For example, neural and brain abnormalities exist in. e.g., 
cerebrovascular disease. CNS neoplasms, demyelinating 
diseases, and muscular dystrophies. Liver disorders, kidney 
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disorders, cardiopulmonary disorders, and other problems 
often cause medical symptoms. These problems may be 
susceptible to prevention or treatment using compositions 
provided herein. 

5 Recombinant Flt3 or FU3 ligand antibodies can be 

purified and then administered to a patient These reagents 
can be combined for therapeutic use with additional active or 
inert ingredients, e.g., in conventional pharmaceutically 
acceptable carriers or diluents, e.g.. immunogenic adjuvants 

10 along with physiologically innocuous stabilizers and excipients 
These combinations can be sterile filtered and placed into 
dosage forms as by lyophilization in dosage vials or storage in 
stabilized aqueous preparations. This invention also 
contemplates use of antibodies or binding fragments thereof. 

15 including forms which are not complement binding. 

Drug, screening using Flt3 receptor or fragments thereof 
c^an be performed to identify compounds having binding 
affinity to Flt3 ligand. including isolation of associated 
components. Subsequent biological assays can then be utilized 

20 to' determine if the compound has intrinsic stimulating activity 
and is therefore a blocker or antagonist in that it blocks the 
activity of the ligand. Likewise, a compound having intrinsic 
stimulating activity can activate the receptor and is thus an 
agonist in that it simulates the activity of Flt3 ligand. This 

iz invention further contemplates the therapeutic use of 

antibodies to Flt3 ligand as antagonists. This approach should 
be particularly useful with other Flt3 ligand species variants. 

The quantities of reagents necessary for effective 
therapy will depend upon many different factors, including 

10 means of administration, target site, physiological state of "the 
patient, and other medicaments administered. Thus, 
treatment dosages should be titrated to optimize safety and 
efficacy. Typically, dosages used in vitro may provide useful 
guidance in the amounts useful for in situ administration of 

5 these reagents. Animal testing of effective doses for 

I 



. I 

treatment of particular disorders will provide further 
predictive indication of human dosage. 

Various considerations are described, e.g., in Gilman, 
it al. (eds.) (1990) The Pharmacological Basts of Therapeutics. 
8th Ed.. Pergamon Press; and Remington's Pharmaceutical 
Sciences, 17th ed. (1990). Mack Publishing Co.. Easton. Penn. 
Methods for administration are discussed therein and below, 
e.g.. for oral, intravenous, intraperitoneal, or intramuscular 
administration, transdermal diffusion, and others. 

Pharmaceutical^ acceptable carriers will include water, 
saline, buffers, and other compounds described, e.g.. in the 
Merck Index, Merck & Co., Rahway, New Jersey. Dosage ranges 
would ordinarily be expected to be in amounts lower than 
1 mM concentrations, typically less than about 10 \LM 
concentrations, usually less than about 100 nM. preferably 
less than about 10 pM (picomolar), and most preferably less 
than about 1* fM (femtomolar), with an appropriate carrier. 
Slow release \formulations, or a slow release apparatus will 
often be utilized for continuous administration. 

FU3 ligand, fragments thereof, and antibodies to it or its 
fragments, antagonists, and agonists, may be administered 
directly to the host to be treated or, depending on the size of 
the compounds, it may be desirable to conjugate them to 
carrier proteins such as ovalbumin or serum albumin prior to 
their administration. Therapeutic formulations may be 
administered in any conventional dosage formulation. 

While it is possible for the active ingredient to be 
administered alone, it is preferable to present it as a 
pharmaceutical formulation. Formulations typically comprise 
at least one active ingredient, as defined above, together with 
one or more acceptable carriers thereof. Each carrier should 
be both pharmaceutical^ and physiologically acceptable in the 
sense of being compatible with the other ingredients and not 
injurious to the patient. Formulations include those suitable 
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affinity for multiple FU3 receptors, e.g.. compounds which can 
serve as antagonists for species variants of Flt3 hgand. 

This invention is particularly useful for screening 
compounds by using recombinant receptor in any of a variety 
5 of drug screening techniques. The advantages of using a 
recombinant protein in screening for specific ligands include-, 
(a) improved renewable source of the Flt3 receptor from a 
specific source; (b) potentially greater number of 
cell giving better signal to noise ratio in assays- and (c) species 
10 variant specificity (theoretically giving greater biological and 

disease specificity). 

One method of drug screening utilizes eukaryonc 
prokaryotic host cells which are stably transformed with 
recombinant DNA molecules expressing the Flt3 receptor. Cells 
15 may be isolated which express a receptor in isolauon from any 
others. Such cells, either in viable or fixed form, can be used 
for standard ligand/receptor . binding ^^^.^ 
et al (1989) Science 246:243-247; and Owida. et al. (1990) 
Proc. Nat'l Acad. Sci. USA 87:4007-4011 describe sensitive 
20 methods to detect cellular responses. ■ 

Competitive assays are particularly useful, where the 
cells (source of Flt3 ligand) are contacted and incubated with a 
labeled receptor or antibody having known binding affinity to 
the ligand. such as 125!. antibody, and a test sample whose 
2* binding affinity to the binding composition is being measured. 
" The bound and free labeled binding compositions are then 
separated to assess the degree of ligand binding. 

The amount of test compound bound is inversely 
proportional to the amount of labeled receptor binding to the 
, c known source. Any one of numerous techniques can be used 
" to separate bound from free ligand to assess the degree of 

Ugand bindin.. This separation step could typically involve a 
procedure suc'h as adhesion to filters followed by washing, 
adhesion to plastic followed by washing, or cenmtuganon of 
« the cell membranes. Viable cells could also be used to screen 
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for the effects of drugs on FIG ligand mediated functions e g 
second messenger levels i e r,++. ,., . g ** 

nh«.«h,.- T l. ' ceM Proliferation: inositol 

phosphate pool changes; and others a . 

allnu, f«r .u- • , Some dete c«on methods 

allow for ehminaaon of a separation wen • . , ~ • • 
«* ne jM„. a.. .• p«a»on siep, e.g., a proximity 

sen n ve detecuon system. Calcium sensitive dyes will be 
useful for detecting Ca- levels, with a fluorimeter or 
fluorescence cell sorting apparatus. 

Another method utilizes membranes from transformed 

hgand. These cells are stably transformed with DNA vectors 
dtrectmg the expression of a FIG ligand. e.g.. an engin^T 
membrane bound form. Essentially, the membranes would be 
prepared from the cells and used in- any receptor/ligand 
b.ndtng assay such as the competitive assay set forth above. 

Sail another approach is to use solubilized, unpurified or 
solubthzed. purified Flt3 ligand from transformed e Icaryotic 

aLT^'the MUS - ^ iOT i "-^binlg 

assay w„h the advantages of increased specificity. Usability 
to automate, and high drug test throughput 

approach which provtdes high throughput screening for 
compounds having suitable binding affinity to Flt3 receptor 
and ,, described « detail in Geysen. European Paten, 
Apphcauon 84/03564. published on September 13. 1984 

Z St :lT- ° f diffCrCm SmaH <«< "-Pounds 

are synthesued on a solid substrate, e.g.. plastic pins or Le 

ot^r appropriate surface. Then all the pins are reacted with 

solub.hzed unpurified or solubilized. purified FIG receptor 

and washed. The next step involves detecting bound FIG ' 

receotor. w 



3C receptor 



studies of T 7 , C$,gn ^ 3,50 bC ^ "P° n — 1 
stupes of the molecular shapes of the FIG ligand and other 

effectors or analogs. Effectors may b, other proteins which 
medtate other functions in response to ligand binding, or other 
protetns whtch normally intcraci wilh thc g 
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means for determining which sites interact with specif.c other 
proteins ,s a physical structure determination, e.g wav 

° r 2 dimenSi0na, NMR tCChni< ' Ues ™«< 
prov.de gu,dance as to which amino acid residues form 

5 molecular contact regions. For a detailed description of 
protein structural determination, see. e.g.. Blundell and 
Johnson (1976) Protein Crystallography. Academic Press. New 

10 use in PU t r „T ,ed f ^ ^ ^ * COaKd dirW, y 0n '° P"«« 
10 use ,n the aforementioned drug screening techniques. 

However. non-neutralizing antibodies to these ligands can be 
used as capture antibodies to immobilize the respective liaand 
on the solid phase. 5 

■ 

15 Kia 

This invention also contemplates use of Flt3 ligand 
proteins, fragments thereof, peptides, and their fusion 
products in a variety of diagnostic kits and methods for 

10 Z^'^T^ ° { H * and or * ™ receptor. Typically 
£ % 1 ' 8 staining either adefined 

Flt3 ligand peptide or gene segment or a reagent which 
recognizes one or the other, e.g.. receptor fragments or 
antibodies. 

A kit for determining the binding affinity of a test 
15 compound to a FIG ligand would typically comprise a test 
compound; a labeled compound, for example a receptor or 
antibody having known binding affinity for the ligand- a 
source of Flt3 ligand (naturally occurring or recombinant); and 
a means for separating bound from free labeled compound 
- sac* as a solid phase for immobilizing the ligand Once 
compounds are screened, these having suitable binding 
affinity to the ligand can be evaluated in suitable biological 
assays, as are well known in the art. to determine whether 
rtey act as agonists or antagonists to the receptor The 
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availability of recombinant Flt3 ligand polypeptides also 
provide well defined standards for calibrating such assays. 

A preferred kit for determining the concentration of. for 
example, a Fit 3 ligand in a sample would typically comprise a 
5 labeled compound, e.g.. receptor or antibody, having known 
binding affinity for the ligand, a source of ligand (naturally 
occurring or recombinant) and a means for separating the 
bound from free labeled compound, for example, a solid phast: 
for immobilizing the Flt3 ligand. Compartments containing 

1C reagents, and instructions, will normally be provided. 

Antibodies, including antigen binding fragments, specific 
for the Flt3 ligand or ligand fragments are useful in diagnostic 
applications to detect the presence of elevated levels of Fit 3 
ligand and/or its fragments. Such diagnostic assays can 

15 employ lysates. live cells, fixed cells, immunofluorescence, cell 
cultures, body fluids, and further can involve the detection of 
antigens related to the ligand in serum, or the like. Diagnostic 
assays may be homogeneous (without a separation step 
between free reagent and antigen-ligand complex) or 

2C heterogeneous (with a separation step). Various commercial 
assays exist, such as radioimmunoassay (RIA), enzyme-linked 
immunosorbent assay (ELISA), enzyme immunoassay (EIA), 
enzyme-multiplied immunoassay technique (EMIT), 
substrate-labeled fluorescent immunoassay (SLFIA), and the 

25 like. For example, unlabeled antibodies can be employed by 
using a second antibody which is labeled and which recognizes 
the antibody to a Flt3 ligand or to a particular fragment 
thereof. Similar assays have also been extensively discussed 
in the literature. See. cg^ Harlow and Lane (1988) Antibodies: 

3C A Laboratory Manual. CSH. 

Anti-idioiypic antibodies may have similar use to 
diagnose presence of antibodies against a Flt3 ligand, as such 
may be diagnostic of various abnormal .states. For example, 
overproduction o( Flt3 ligand may result in production of 

25 various immunological reactions which may be diagnostic of 
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abnormal phys.ological states, panicularly in proliferative cell 
cond.nons such as cancer or abnormal differentiation 

Frequently, the reagents for diagnostic assavs are 
supplied in kits, so as to optimize the sensitivity of the assay 
For the subject invention, depending upon the nature of the 
assaj^the protocol, and the label, either labeled or unlabeled 
antibody or receptor, or labeled Fk3 H gan d is provided. This 
»s usually ,n conjunction with other additives, such as buffers 
stabilizers, materials necessary for signal production such as ' 
substrates for enzymes, and the like. Preferably, the kit will 
also contain instructions for proper use and disposal of the 
contents after use. Typically the kit has compartments for 

Z , ""I" - ^ DWirab,y - ** rCagems are P'° v *«i as a 
dry lyophilized powder, where the reagents may be 

reconsmuted in an aqueous medium providing appropriate 
concentrations of reagents for performing the assay. 

Any of the aforementioned constituents of the drug 
screening and the diagnostic assays may be used without 
modification or may be modified in a variety of ways For 
example, labeling may be achieved by covalently or non- 
covalently joining a moiery which directly or indirectly 
provides a detectable signal. In any of these assays, the 
hgand. test compound. Flt3 ligand. or antibodies thereto can be 
abeled either directly or indirectly. Possibilities for direct 
labeling include label groups: radiolabels such as 125i 
enzymes (U.S. Pat. No. 3,645.090) such as peroxidase and 
alkaline phosphatase, and fluorescein labels (U S Pat. No 
3.940.475) capable of monitoring the change 'in fluoresc-nc- 
mtensity. wavelength shift, or fi««scen C e polarization " 
Poss,bilities for indirect labeling include biotinylation oi one 
consutuent followed by binding to avidin coupled to one of the 
above label groups. 

There are also numerous meaods of separating the 
bound from the free ligand. or alternatively the bound from 
the free test compound. The Flt3 hpnd can be immobilized on 
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various matrixes followed by washing. Suitable matrixes 
include plastic such as an ELISA plate, filters, and beads. 
Methods of immobilizing the FU3 ligand to a matrix include, 
without limitation, direct adhesion to plastic* use of a capture 
antibody, chemical coupling, and biotin-avidin. The last step 
in this approach involves the precipitation of ligand/receptor 
or ligand/antibody complex by any of several methods 
including those utilizing, e.g., an organic solvent such as 
polyethylene glycol or a salt such as ammonium sulfate. Other 
suitable separation techniques include, without limitation, the 
fluorescein antibody magnetizable particle method described 
in Rattle, ei aL (1984) Clin. Chem. 30: 1457- 1461. and the 
double antibody magnetic panicle separation as described in 
U.S. Pat. No. 4,659,678. 

Methods for linking proteins or their fragments to tne 
various labels have been extensively reported in the literature 
and do not require detailed discussion here. Many of the 
techniques involve the use of activated carboxyl groups either 
through the use of carbodiimide or active esters to form 
peptide bonds, the formation of thioethers by reaction of a 
mercapto group with an activated halogen such as 
chloroacetyl. or an activated olefin such as maleimide, for 
linkage, or the like. Fusion proteins will also find use in nese 
applications. 

Another diagnostic aspect of this invention involves use 
of oligonucleotide or polynucleotide sequences taken from the 
sequence of a Flt3 ligand. These sequences can be used as 
probes for detecting levels of the ligand message in sampies 
from patients suspected of having an abnormal condition, e.g.. 
cancer or developmental problem. The preparation of both 
RNA and DNA nucleotide sequences, the labeling of the 
sequences, and the preferred size of the sequences has 
received ample description and discussion in the literature. 
Normally an oligonucleotide probe should have at least about 
14 nucleotides, usually at least about 18 nucleotides, and Lie 
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polynucleotide probes may be up to several kilobases 
Various labels may be employed, mosi commonly 
radionuclides, particularly 32p 

However, other techniques may also be employed, such 
as using biotin modified nucleotides for introduction into a 
polynucleotide. The biotin then serves as the site for bindin* 
to avidin or antibodies, which may be labeled with a wide " 
variety of labels, such as radionuclides, fluoresce*, enzymes, 
or the hke. Alternatively, antibodies may be employed which 
can recognize specific duplexes, including DNA duplexes. RNA 
duplexes. DNA-RNA hybrid duplexes, or DNA-protein duplexes 
The antibodies in turn may be labeled and the assav carried 
out where the duplex is bound to a surface, so that upon the 
formation of duplex on the surface, the presence of antibody 
bound to the duplex can be detected. The use of probes to the 
novel anti-sense RNA may be carried out in any conventional 
techniques such as nucleic acid hybridization, plus and minus 
screening, recombinanonal probing, hybrid released 
translation (HRT). and hybrid arrested translation (HART) 
This also includes amplification techniques such as polvmeras- 
chain reaction (PCR). 

Diagnostic kits which also test for the qualitative or 
quantitative presence of other markers are also contemplated 
Diagnosis or prognosis may depend on the combination c< 
multiple indications used as markers. Thus, kits ma. test for 
combinations of markers. See, e.g., Viallet. et al. (1989) 
Progress in Growth Faaor Res. 1:89-97. 

EXAMPI cc. 

The broad scope of this inv t , ltk , is best understood 
with reference to the following ex:v,ies. which are no* 
intended to illustrate but not :o :in. . the invention to specific 

embodiments. 



I 



» 



3 W/2689! O . PCT/USM/05I50 

General Methods 

Some of the standard methods are described or 
referenced, e.g.. in Maniaos. et al. (1982) Molecular Cloning. A 
Laboratory Manual. Cold Spring Harbor Laboratory. Cold 
5 Spring Harbor Press: Sambrook. et at. (1989) Molecular 
Cloning: A Laboratory Manual. (2d ed.). vols 1-3. CSH Press. 
NY; Ausubel. et cL Biology. Greene Publishing Associates. 
Brooklyn. NY; or Ausubel. et al. (1987 and Supplements) 
Current Protocols in Molecular Biotogy. Greene/Wiley. New 

1C York: Innis. et al. (eds.X1990) PCR Protocols: A Guide to 
Methods and Applications Academic Press. N.Y. 

Methods for protein purification include such methods as 
ammonium sulfate precipitation, column chromatography, 
electrophoresis, cenrrifugation, crystallization, and others. See, 

15 e.g., Ausubel, et al. (1987 and periodic supplements); 

Deutscher (1990) "Guide to Protein Purification" in Methods in 
Enzymology, vol. 182, and other volumes in this series; and 
manufacturer's literature on use of protein purification 
products, e.g.. Pharmacia. Piscataway. NJ., or Bio-Rad, 

2C Richmond. CA. Combination with recombinant techniques 

allow fusion to appropriate segments, e.g.. to a FLAG sequence 
or an equivalent which can be fused via a protease-removable 
sequence. See. e.g.. Hochuli (1989) Chemische Industrie 72:69- 
70: Hochuli (1990) "Purification of Recombinant Proteins with 

2; Metal Chelate Absorbent" in Setlow (ed.) Genetic Engineering, 
Principle and Methods 12:87-98. Plenum Press. N.Y.; and 
Crowe, et al. (1992) QIAexpress: The High Level Ezpression & 
Protein Purification System QUIAGEN. Inc.. Chatswonh. CA. 
FACS analyses are described in Melamed. et al. (1990) 

3C Flow Cytometry and Sorting WHey-Liss. Inc.. New York, NY; 
Shapiro (1988) Practical Flow Cytometry Liss. New York. NY: 
and Robinson, et al. (1993) Handbook of Flow Cytometry 
Methods Wiley-Liss. New York. NY. 
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BaD cells (mouse pre-3 cell line; see Palacios, et al. 
5 (1985) Cell 4 7:727-734; and Palacios. et a/. (1984) Nature 
J09:126-131) were stably transfecxed with the cDNA for the 
FU3 receptor. Rosnet, et al. (1991) Oncogene 6:1641-1650. 
Two methods were used to observe the response of these cells 
to samples containing the ligand. The main assay is an MTT 

10 assay in which the Flt3-iransfected cells (Baflts) survive a 
24-hour incubation in the presence of the ligand (but not if 
the ligand is absent) and can then take up and cleave the MTT 
dye. See Mosmann (1983) J. Immunol. Methods 65:55-62. 
Untransfected Baf cells die both in the presence and abience 

15 of the ligand, and samples are therefore routinely assayed in 
parallel on both cell types. The difference in signal obtained 
from these two cell types (BafU-Baf) is a measure of the 
amount of ligand present in a sample. 

In some cases where active samples also contain 

2C substances that are toxic to the cells, the MTT assay with 
Baflts can fail to detect the presence of the ligand. A second 
method for detecting the ligand in these cases is to take 
advantage of the fact that receptors such as c-fms, c-kiu and 
flt-3 rapidly (within 5 minutes) auto-phosphorylate 

25 themselves while binding their appropriate ligands. This 

response is much less sensitive to toxic substances than is tht 
24-hour MTT assay. 

Auto-phosphorylated receptor is observed by lysine 
the responder cells with detergent, e.g.. NP-40. 
3C immunoprecipitating Flt3 using antibodies directed against the 
intracellular portion of the molecule, and separating the 
immunoprecipitate on SDS-PAGE. blotting to nitrocellulose, 
probing with an anti-phosphotyrosine monoclonal antibody, 
and detecting phosphotyrosine. e.g.. with a horseradish 
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peroxidase-linked antiimmunoglobulin and developing with 
chemiluminescent substrate. 
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Multiple cell lines were screened for one which 
expresses a FU3 ligand. A mouse thymic stromal cell line TA4 
(provided by Donna Rennick. DNAX Research Institute) was 
selected for its ease in handling for large scale production. 
Cells were grown on roller bottles and 7 day-conditioned 

through 7" naian " (SCnim - f '«> tested, passed 

through 0.22 um filters, concentrated 100-fold. and stored 
frozen at -80° C. 



Biochemical Chnr^r Pr j r aHfin nf ft? I iy an ff 

The Flt3 ligand activity has been defined by its 
separation parameters using different protein separation 
techniques. However, because of low expression levels, the 
detection of the activity was greatly facilitated by the 
cranmtion of Ac media A ,. quots Qf i(x)x conccn(ratcd 

cel1 su P e ™«nt, typically representing 10 L of crude 
supernatant, were subjected to various biochemical 
purification techniques including ammonium sulfate 
prestation, hydrophobic interaction chromatography anion 
and cation exchange chromatography, gel filtration 
chromatography, and reversed phase chromatography. See 

I «T p „ beh3Vi0r ° f bi ° ,08iCal aciivi * ^presenting 
Ae Flt3 hgand ,n each of these techniques is summarized 
below: 

Ammonium Sulfate precipitation (at 4- C): activity found in 
60-85% saturated (NH4)2S04 pellet; 

Hydrophobic Interaction Chromatography [(NH 4 )2S04 gradient 
in 20 m.M Tris, pH 7.5 on a Phenyl-5PW columnl: activity 
eluted between 900-750 m.M (NH4)2SO*; 
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Anion Exchange Chromatography (NaCl gradient in 20 mM 
Tris. pH 7.5 on Mono Q column): activity eluted between 130- 
250 mM NaCl; 

s 

Cation Exchange Chromatography (NaCl gradient in 10 mM 
citrate. pH 3.0 on Mono S column): the bulk of the activity 
eluted between 440-540 mM NaCl; 

10 Gel Filtration (SEPHACRYL® S200 column): the activity ran 
with an apparent molecular weight of 70 kD; 

I 

f 

Reversed Phase HPLC (water to acetonitrile gradient in 0.1% 
TFA on a Poros R/H column): the activity eluted between 
IS 32-35% acetonitrile. 

Engineering/ Production and TW ^tion nf Sfll nfrfr fjtf 
\ A soluble fragment of the Flt3 receptor was constructed 

by removing the membrane spanning and cytoplasmic 
20 domains of the Flt3 receptor, fused to a sequence. e.g.. FLAG. 

useful for purifying the expression product of the construct. 

See. e.g.. Crowe, et at. (1992) QlAexpress: The High Level 

Expression & Protein Purification System QUIA GEN, Inc. 

Chatswonh. CA: and Hopp, et al. (1988) BiolTechnology 
25 (5:1204-1210. The sequence allows for efficient affini v 

m 

purification of the soluble product. Appropriate secretion or 
processing sites may also be engineered into the construct by 
standard methods. Purification may be achieved by use of 
affinity purification, e.g., antibodies against the receptor, or by 
30 standard protein purification methods. Typically, the affinity 
reagents or purification procedures can be performed using 
recombinant receptor. 

More specifically, two tags were engineered to the 
carboxy terminus of the extracellular domain of the Flt3 
25 receptor. pMEXneo-FU3 was used as a source to modify the 

1 
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Flt3 cDNA to introduce a Bglll site at nucleotide 1662. directly 
following Ser544, the last amino acid of the extracellular 
domain. An Xmal/Bglll fragment containing the entire 
extracellular F1t3 domain was cloned into pHFBgl. a derivative 
of pVL1393 from Invitrogen Corp. The pHFBgl contains a 
Hi$6-FLAG-stop codon sequence fused in frame with the Bglll 
site of the polylinker. See Table 4. The resulting plasmid was 
named pHF/Flt3. 



Table 4. Relevant Portion of Soluble Flt3 Rg cemor Construct 

XOl I 

Sra* I Not I 

15 B*nai Xbal EcoRI Xaa:iIPst:Bqi:: 

5 • GGA7CCCGGG7ACCT7C7AGAATTCCGGAGCGGCCGC7GCAGA7CTCA7- 
3 • CCTAGGCCCCArSGAAGATCTTAAGGCCTCCCCGGCCACSrCTAGACTA- 
AspProGlytyrL«uL«uGIuPh«ArgS«rGlyAr5CysAr9S«rHi^ 

2 C CACCATCACCATCACGATTACAAGGACGATGACGATAAGTAATGA 3 ■ 

GTGGXApTGGTAGTGCTAATGTTCCTCCTACTGCTATTCATTACT S # 
HiaHiaHisHisMisAspTyrLyaAspA^pAjpAspLysStpStp 



The nucleotide and amino acid sequences shown in 
Table 4 are also defined in the Sequence Listing by SEQ ID NOs: 
36 and 37, respectively. 

Sf9 insect cells were transfected with pHF/Fh and a 

3C virus stock was prepared. After infection of Sf9 cells with 
recombinant vims, medium was collected. The soluble 
secreted FH3-His6-FLAG expression product was purified from 
the medium using a nickel-NTA resin from Qiagen. The 
purified Flt3 receptor was coupled to an ?42 anti-FLAG 

35 antibody column. See below. 

Purification cf (he F1t3 Ligind 

The Flt3 ligand was isolated by a combination of affinity 
chromatography using the FU3 receptor as a specific binding 

i 
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r«gent in combination with the earlier A.r a . 
properties allowing separation t£^J^ 
contaminants. Similar techniques 1 ? -Bd 
human cell sources could be Z J * • *" avs and 

100L of crude TA4^uZ ' hUman 

in- PBS and concentred to^T' ^ 
overnight with 2 ml M2 (ami-FLAG) b^H T ****** 
loaded with soluble FIG Th e ^ " beca P rc " 

-eral column volumes of « S ^J 

e'uted with 3 ml ,00 mM £ *»« ™«M •« 

collected into a tube *„«,.• • P ,5 ' n * e,uate *as 
neutralize the gl^L S"' * M ^ P " 7 J 10 

on- a 4.6 , ^ mm £ ~ d *? *" *" «« 
chromatographed with a "™ w ° ""f * 
0.1% TFA. wat «/acetonitnle gradient in 

and SDS^AGe' £ ^"7 ^ d * d d ™ '<* bioassav 

glycosylated protein at anol ? 4PParem,y 
Fractions containing^ £ 0 The I f ki,0da,t ° nS - 
dried down comple^v ^ cn *\ h ° ,0gKri activitv 
* sample ~ ^— « 

on a 12% mini-gel (SDS-PAGEl tk , " a sin ? ,c 'ane 
Coomassie blue' destai ned " * ^ " * 
ligand was carefully excised. s el™"* ** ™ 

biochemically pu , Flt3 , igand . wtV^n 
eonuined less than 5 micrograms of thi! su f*matant 
protein has a specific activity' ™ t ,07 iT 6 " 1 - PUrified 
on the Baf assay. One unit is thl, 1 u miUigram 
maximum simulation in 7,00 £ assa^ ^ 

The prep gd siicc containinT^hTl^a^ff^ 
nnsed with water and acetonitrile to I b " efly 
35 smashed into tinv fraements ? k ' T* SDS ' 

' ? CmS - takcn 10 ^ness under vacuum 
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15 



20 



tryps n was added, and the digestion continued overnight 
The reacuon m« was spun at 13 K and loaded onto a 2 i , ,nn 
mm AQUAPORE® RP-300 reverb «k. , 100 
duied with a linear 4-44* Tll^ t?™* 
0 1% TFA) In !1 ac «°n'tr,l e gradient (with constant 

on 1 „ ■ CaSC$ PCptidC5 WW ^chromatographed 

on the same column with a ,6 . 44% acetoritrile gJTnt 

(wuh constant 0 ! mM heptafluorobutyric acid (HfTa > 
Eluung pep** WCTC monitored „ m 

and were colloid by hand. 



^ sequencer. Fragments prov ded Dentin- 
«q 0 enc„ of Tab* , r«consm,c,ed i„,o consensus Zetcs- 
pepude 17 .s the amino terminus: "fences. 

1*. FVQTXrSHllK 
13, DY?V7VAVNL2 

i< . TPDATrSHSrrsSNFKVKrRELTVHLlK 
IS. IXJTOFAQY?. 

17. TPDCT TSHS? XSSNF KVKrR £1TVH LUOv DW , ft 

C, — VH WJOr PVTVA VNLCO r x 




The purified protein or defined peptides are useful for 
generanng antibodies by standard methods, as desert 
above. Synthetic peptides or purified protein are presented to 
an _ syste. to generate monoclonal or po.vc.on7 
ant.bod.es. See. e.g.. Co.igan (1991) Current Protocols in 
Immunology Wil cy/G reene; and Harlow and Lane (1989) 
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Antibodies: A Laboratory Manual Cold Sfring Harbor Press. 
Alternatively, the Flt3 receptor is used as a specific binding 
reagent, and advantage can be taken of us specificity of 
binding, much like an antibody would be used. In either case. 
l the binding reagent is either labeled as described above, e.g.. 
fluorescence or otherwise, or immobilized ta a substrate for' 
panning methods. 

The binding composition is used for screening of an 
expression library made from a cell line which expresses a 

1C Flt3 ligand. Standard staining techniques are used to detect or 
sort intracellular or surface expressed ligand. or surface 
expressing transformed cells are screened by panning. 
Screening of intracellular expression is performed by various 
staining or immunofluorescence procedures. See also 

15 McMahan. et at. (1991) EMBO J. 10:2821-2832. 

For example, on day 0. precoat 2tchamber PERMXNOX® 
slides with 1 ml per chamber of fibronectin. 10 ng/ml il PBS. 
for 30 min at room temperature. Rinse once with PBS. Then 
plate COS cells at 2-3 x 105 cells per chamber in 1.5 ml of 

2C growth media. Incubate overnight at 37° C. 

On day 1 for each sample, prepare 0J ml of a solution of 
66 ng/ml DEAE-dextran, 66 uM chloroquine, and 4 ug DNA in 
serum free DME. For each set. a positive control is prepared, 
e.g.. of huIL-10-FLAG cDNA at 1 and 1/200 dilution, and a ' 

25 negative mock. Rinse cells with serum free DME. Add the 

DNA solution and incubate 5 hr at 37° C. Remove the medium 
and add 0.5 ml 107c DMSO in DME for 2.5 min. Remove and 
wash once with DME. Add 1.5 ml growth medium and 
incubate overnight. 

2C On day 2, change the medium. On days 3 or 4. the cells 

are fixed and sained. Rinse the cells twice with Hank's 
Buffered Saline Solution (HBSS) and fix in 4% 
paraformaldehyde (PFA)/glucose for 5 min. Wash 3X with 
HBSS. The slides may be stored at -80 c C after all liquid is 

35 removed. For each chamber. 0.5 ml incubations are performed 
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is follows. Add HBSS/saponin(0.1%) with 32 jil/ml of 1M 
N1N3 for 20 min. Cells ire then washed with HBSS/saponin 
IX. Soluble Flt3 receptor/antibody complex to ceils and 
incubate for 30 min. Wash cells twice with HBSS/saponin. 
Add second antibody, e.g., Vector anti-mouse antibody, at 
1/200 dilution, and incubate for 30 min. Prepare EUSA 
solution, e.g.. Vector Elite ABC horseradish peroxidase solution, 
and preincubate for 30 min. Use, e.g., 1 drop of solution A 
(avidin) and 1 drop solution B (biotin) per 2.5 ml 
HBSS/saponin. Wash cells twice with HBSS/saponin. Add ABC 
HRP solution and incubate for 30 min. Wash cells twice with 
HBSS, second wash for 2 min, which closes cells. Then add 
Vector diaminobenzoic acid (DAB) for 5 to 10 min. Use 
2 drops of buffer plus 4 drops DAB plus 2 drops of H2O2 per 
5 ml of glass distilled water. Carefully remove chamber and 
rinse slide in water. Air dry for a few minutes, then add i 
drop of Crystal Mount and a cover slip. Bake for 5 min at * 
85-90° C \ 

Alternatively, the binding compositions are used to 
affinity purify or son out cells expressing the ligand. See, e.g.; 
Sambrook, et ai or Ausubel et al. 

In another method, the peptide segments are used to 
predict appropriate oligonucleotides to screen a library. The 
genetic code is used to select appropriate oligonucleotides 
useful as probes for screening a library. See, e.g.. Table 3. In 
combination with polymerase chain reaction (PCR) techniques, 
synthetic oligonucleotides in appropriate orientations are used 
as primers to select correct clones from a library. Various 
combinations of upstream/downstream sense/antisense 
combinations are tested until an appropriate clone is amplified 
and detected. 

For example, a functional screening approach is applied 
based upon a biological assay for the ligand. The Baf pro-B 
cell line is transacted with the receptor cDNA to generate a 
stable transfectanu The transfectant exhibits a mitogenic 
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response to the TA4 stromal cell supernatants. especially 
detectable when the supernatant is concentrated 100 X. The 
parental transfectant ceils are non-responsive to the 
supernatants. An expression cDNA library made from the 
5 producing TA4 cells is made. Pools of random cDNA clones are 
transfected into COS monkey cells and supernatants are 
screened for ligand biological activity. Positive pools are 
subdivided to isolate single clones. 

In another approach, expression screening is based upon 
i: a biochemical assay for a soluble ligand. The assay is based 
upon the autophosphorylation activity rather than the 
mitogenic activity. Total cell lysates of the exposed test cells 
are prepared and immunoprecipitated with anti- 
phosphotyrosine antiserum. The immunoprecipitate is run on 
15 a polyacrylamide gel, and is. e.g.. blotted to- a filter and 
developed with antibody staining of phosyhotyrosine. 

In yet another approach, functional screening of a 
membrane bound ligand is by either mitogenic bioassay or 
biochemical autophosphorylation assay. Appropriate fusion 
2C vectors can produce an appropriate expression construct. 

Another strategy is to screen for a membrane bound 
ligand by panning. The receptor cDNA is constructed as 
described above. The soluble receptor or antibodies raised 
against the defined peptide fragments can be immobilized and 
21 used to immobilize expressing cells. Immobilization may be 
achieved by use of appropriate antibodies which recognize, 
e.g., the FLAG sequence of the soluble receptor construct, or by 
use of antibodies raised against the first antibodies. Recursive 
cycles of selection and amplification lead to enrichment of 
2: appropriate clones and eventual isolation of ligand expressing 
clones. 

Phage expression libraries can be screened by soluble 
receptor or anti-fragment • antibodies. Appropriate lab^l 
techniques, e.g.. anti-FLAG antibodies, will allow specific 
2 5 labeling of appropriate clones. 
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Screening by hybridization using degenerate probes 
based upon the peptide sequences will also allow isolation of 
appropriate clones. Alternatively, use of appropriate primers 
for PCR screening will yield enrichment of appropriate nucleic 
acid clones. 

Similar methods are applicable to isolate either species 
or allelic variants. Species variants are isolated using cross- 
species hybridization techniques based upon isolation of a full 
length isolate or fragment from one species as a probe. 
Alternatively, similar assays can be developed, e.g.. in human 
cells for isolation of the Flt3 ligand activity. The mouse cell 
assays detect a human Flt3 ligand activity, e.g.. in human 
thymic epithelial SV48 cells. 

PCR amplification using degenerate primeTS based upon 
IS vector and downstream sequences generated products in a 
first round of PCR amplification. Primers based upon a vector 
sequence and degenerate, primers from the NLQDEK peptide 
sequence were used in the first round of amplification. The 
product of the first amplification was subjected to a second 
2C round of PCR amplification using degenerate primers based 
upon TPDCYF and YPVTVAV peptide sequences. The product 
of this second round of PCR amplification resulted in a 108 bp 
product probed using probes based upon NFKVKF sequence. 
The length is consistent with that predicted by the provided 
2= sequence. Sequencing of this 108 bp product provided the 
nucleotide sequence: 

ACT CCT GAC 7GT TAC TTC AGC CAC AGT CCC ATC TCC TCC AAC 
TTC AAA GTG AAG TT7 AGA GAG TTG ACT GAC CAC CTG CTT AAA 
GAT, 

which encodes the expected peptide sequence. Further 
sequencing of a clone has provided the sequence of Table 5. 
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Table 5 




Liga M Friig™«»"t Tlnnr 

ACTCCTGACTGTTAC— CA — Z\Z\c~ 

Tr ,, JS - MRPH£ ^-NPROLEU?RSGLr 

-3TACAGACCAATATA 

CYS1£UA*C?HEVAWINTHRASNILE 



The sequences shown in Table 5 whi^K , 

This probe is used m e^*^ i sequence. 

w U5ca t0 screen longer or full lenerh i;k~ • 
from mouse „ r „„„ mlmnlllian 8 •*• 

hIZ : °" a - T " 8 an<1 TI1 ° ««• Table 3) 

HybnAauo. of fil,e„ with 32 P llWed >' 

m a solution of 20* fonnamide. 6 X SSPE.7x , '"" 

100 M« .RNA. Md ftI , SDS a, „ 

washed two time* at r«„„. «««gni. niters were 

iwo times at room temperature with *> y «/- ^ « . 

unaer one of the following conditions: three 
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times at 50° r u m 

once « 55' cTo ,™0 rjlT ■ im " " " C * 30 * 
-c a, 60- C fa 30 L " ^ ^ for 30 min: „ 



Approximately 20 oosiiiv^ • 

*~ co„di,io„,. y Th«° «rL, r es wctc ieiec,ed 

clone,. S86 ana S!09w J LT - '*"> 
homologous ,o U« 1 1 , '° " a PP"»i"-ely 7556 
acids. Clone S £ c0 °° . ** «"* '« 

nc continued to show hnm^u 
until the stop codon. although oTllT?' * ^ TU ° 
homology of 66%. Clones Til 8 and S 09 f ^ ?* " ^ 
homology to each other or the \T ^ Sh ° W ' 

-idue 163 (human re-I t 60 ' "An **, ^ 
designated MB8 has a ?9 amin , add "»onal mouse clone 
between the common Vnd 7 " ^ j unc *°n 

ligand. Md d ' Vergent P°™"* of the mouse 

Many modifications and variations of ,h - 
be made without departing fromTs p Wt L 
apparent to those skilled in the an T ^ 25 Wi " «* 
described herein are offered by w av of L^, embodimenls 
invention is to be limited only by * , ^ Md lhc 

claims, along with the ful, ^ 0 L ™ ** 
claims are entitled. equivalents to which such 
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SEQUENCE LISTING 
(1) GENERAL INFORMATION: 

(i) APPLICANT: 

(A) NAME: Schering Corporation 

(B) STREET: One Giralda Farms 

(C) CITY: Madison 

(D) STATE: New Jersey 

(E) COUNTRY: U.S A. 

(F) POSTAL CODE (ZIP): 07940-1000 

(G) TELEPHONE: 201-822-7375 

(H) TELEFAX: 201-822-7039 

(I) TELEX: 219165 

(i) APPLICANT: 

(A) NAME: Institut National De La Same Et De La 
Recherche Medicate 

(B) STREET: 101 rue de Tolbiac 

(C) CITY: 75643 Paris 

(D) STATE: Cedex 13 

(E) COUNTRY: France 

(F) POSTAL CODE (ZIP): 

(G) TELEPHONE: 33 1 44 23 60 41 

(H) TELEFAX: 33 1 45 85 07 66 
(D TELEX: 

(ii) TITLE OF INVENTION: Purified Mammalian Flt3 

Ligands and Agonists and 



Antagonists Thereof 



(iii) NUMBER OF SEQUENCES: 37 



(iv) COMPUTER READABLE FORM: 



I 



1 
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(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: Apple Macintosh 

(C) OPERATING SYSTEM: Macintosh 6 0 5 

(D) SOFTWARE: Microsoft Word 5.1a 

(v) Current application data.- 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(vi) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 08/162 413 

(B) FILING DATE: 03-DEC-1993 "' 4I3 

(vi) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 08/155 111 

(B) FILING DATE: 19-NOV-1993 l ^' U1 

(vi) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 08/1 PJ91 

(B) FILING DATE: 24-AUG-1993 WUUmtS91 

(vi) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 08/106J40 

(B) FILING DATE: 13-AUG-1993 

(vi) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US OWP J49 

(B) FILING DATE: 16-JUL-1993 

(vi) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 08/089 ">63 

(B) FILING DATE: 07-JUJ.-1993 

(vi) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 08/065231 

(B ) FILING DATE: 1 9-MAY- 1 993 

(2) INFORMATION FOR SEQID NO:l: 



1 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1 1 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: I: 

Ph. Val cin Thr X»* H. S mr Hi, L« l«u Ly« 

S 10 

(2) INFORMATION FOR SEQ ID NO:!- 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 14 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NOi 

Asp Tyr Pro V«l Thr Vai Al* V.l Am Uu Gin Asp Clu Ly. 

5 10 
(2) INFORMATION FOR SEQ ID N03: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N03: 

Thr Pro Asp Xaa Tyr Ph. Ser Hi, S.r Pro lie S. r S« Asn Phe Lys 



10 IS 



(2) INFORMATION FOR SEQ ID NO:4: 



t 



- *— 



PC7/VSM/0S1SQ 



7 1 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4: 

Trp II* Glu Gin L«u Ly» Gin Pro Gly S«r 

1 5 XC 

(2) INFORMATION FOR SEQ ID NO:5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3 amino acids 
- (B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO*: 

Glu L«u Thr Vai His L«u L«u Lye 

1 5 

(2) INFORMATION FOR SEQ ID NO:6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6: 

Il« Leu Ph« Xaa L«u Phe Lau Gla Tyr Arg 
15 10 

(2) INFORMATION FOR SEQ ID NO:7- 

I 



I 
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(i) SEQUENCE CHARACTERISTICS • 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7: 

«« Hi. s.r Pro n. ^ r s „ A-B phe 

; 5 

(2) INFORMATION FOR SEQ ID NCh8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6 amino acids 

(B) TYPE: amino acid - 

• (D) TOPOLOGY: linear 
(it) MOLECULE TYPE: peptide 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:* 

Trp II* Clu Gin L«u Lys 

(2) INFORMATION FOR SEQ ID NCfc* 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1 1 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9: 

. A*p T/r Pro Val Thr v.l Ala v.i Asn Leu 



Gin 



10 



(2) INFORMATION FOR SEQ ID NO: 10: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
[xi) SEQUENCE DESCRIPTION: SEQ EC 

t 

Asp Al* Tyr Ph. s.r Hi^ s.r Pro XI. s.r S.r Asb Ph. Lys v*l Lys 



, 10 • IS 



Ph. Arg Clu L*u Thr V»J 

20 



(2) INFORMATION FOR SEQ ID NO: 1 1 • 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids" 

(B) TYPEi amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NOrll 

Asp Tyr Pro Vai Thr Val Ala Al* 

1 S 

(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 



Thr Pro Asp Ala Tyr Ph. S.r His S.r Pro U. S.r S.r Asn Ph. Lys 

10 IS 

Val Lys Ph. Arg Glu L«u Thr V«l His L«u Lou Lys 

20 25 I 
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(2) INFORMATION FOR SEQ ID NO:13: 

«) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE- peptide 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:I3: 

Trp XI. Clu. Gin Uu Ly« 
1 S 

(2) INFORMATION FOR SEQ ID NO-14- 

(i) SEQUENCE CHAJUCTEROTCsf ' 

(A) LENGTH: II amino acids 

(B) TYPE amino acid V 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:14: 

«» V.1 Cl„ Thr X-* xi. S.r Hi, Le« ^ Ly$ 

10 

(2) INFORMATION FOR SEQ ID NO:15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

II. L.u Ph. Xaa Uu Ph. Ala Gin ,y r Arg 

10 

(2) INFORMATION FOR SEQ ID NO: 16: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1 1 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

1 

Asp Tyr Pro Val Thr Val AU VaI Asa L*u Gin j 

I 

(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 42 amino acids 

(B) TYPE: amino acid . - 
(D) TOPOLOGY: linear ' \ 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 

Thr Pro Asp Cy« Tyr Ph« s«r Hi« s«r Pro II* S«r S«r Asn Ph« Lys 

15 10 15 

Val Lyi Phs Arg Glu L*u Thr Val His L«u Lw Lys Asp Tyr Pro Val 

20 25 30 

Thr Val Ala Val Asn Lau Cln Asp Clu Lys 
35 40 

(2) INFORMATION FOR SEQ ID NO: 18: 

CO SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 303 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDED NESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 
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ACT CCT CAC TCT TAC TTC ACC CAC ACT CC XTC rrr -rr-r- 

Thr Pro Asp cy. T,r Ph, s.r „. £ ^ £ £ £ £ « AAA 

3 10 ic 



ACC CTC TTC CTA CCC CAC CCC TCC ATI cir * 

St L.u Ph. Uu Ala CXn Arg S xli SS ^ ^ ^ 

50 ^ * A# Clu cin Ly« Thr Val Ala 

55 . 60 



48 



96 



144 



192 



75 80 

TTT CTC ACC TCA TCT ACC TTC CAC CCC CTA CC\ rii <rr— • 

«- V.! Th, S.r „ ^ „ £ 2j « ~ SI 2 

CTA CAC ACC AAT ATA 

Val Gin Thr Asn II* 303 

100 



233 



(2) INFORMATION FOR SEQ ID NO:19: 

(:) SEQUENCZ CHARACTERISTICS: 

(A) LENGTH: 857 base pairs 

(B) TYPE: nucleic acid 

(O STRAND EDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 

CAAACCCCTC TCACCCOCCT WGCCCCTTC OCACCW fi - 

CACACOAGCC ATCAGCCCCC CCCGCCCCAA ATC ACA GTC CTC CCC CCA CCC TCC '14 

Wet Thr Val L«u Ala Pro All Trp 

J 62 S CA 2£* Acc TAT 055 m era crc acc tcg oca c~ i - 

S.r Pro Thr Thr Tyr L.u Uu u« Leu L.u L*u L.u £ £ Z? y 2 

15 20 
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AST COG A=C CAC CAC TCC TCC TTC CAA CAC ACT err -o- ^ „ 

s« oxy t>, cm a* p ej. s.r Ph . S. £ £ £ £ £ 



35 40 



TTC OCT CTT AAA ATC CCT CAC CTC TCT r.ir ~— 

ph- Ala v.x Ly , „ ^ Clu ™ £ £ «c c« err ex. cat « 

50 55 
80 85 



55 100 

ili Sit E? i£ £ 51 S p£ 5? S? « w CTr 

10S iio 7 Ph * Cln Pro Pro S*r Cys Uu 



119 US 



120 



130 13s 

Cln L«u Val Ala Uu Ly S Pro Trp II. Thr Ara cm Sr 



160 

^ ^ S P ^ CCC ^ ^ CCC ^ CCC CCS CAC C" 

S.r Pro Ax, Pro Leu Clu Ala Thr Ala Pro Thr Ala Pro cm £o 

175 180 

195 200 

^ 1^ ^ ^ ^ 103 ^ CCG CCC AGC ACA CCC C~ 

Al* Ala Trp Cys L« His Trp Cln Arg T*r Ar 5 Arg ™ }£ Pro £ 

210 215 

CCT CCC CAC CAC CTC CCC CCC CTC CCC ACT CCC CAG CAC CTC (T^C r-— 
Pro Sly Slu Sin Val Pro Pro Val Pro «. t Pro Cln Asp L«u L«u L«u 



230 



CC AACCCCTCAT CCTGCCCAGC ATACGTAGCC 



ACACAGAGCC GACTCACCAG Cr 



253 



305 



354 



40. 



4S0 



498 



546 



145 150 

CA 594 



642 



690 



738 



< 9 e 



TO CAC CAC TCACCT 
Val Clu His — ^aACOTAGK 33C 

235 



as 



wo unmi 
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(2) INFORMATION FOR SEQ ID NO* 

(i) SEQUENCE CHARACTERISTICS- 
^J^IGTH: 301 base pairs ' 
(B) TYPE; nucleic acid 

SS^frcSBNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:20: 



CCT CCC CCC CCT CCr 

„^ 30 



85 

AAAAAA 



48 



96 



GAG TCA CCA CCC v* 

AGA QGC ^f^^ 

CAA CCC CAG JL1T 

70 — Cla t«u cys Thr 



AAC CCC TTC TCC CCA " S ° 

Lys Pro L«u S,r Pro ™»» TATAAATCA7 CCTTTrCTAC CAAAAAAAAA 2SS 

85 " 2 



(2) INFORMATION FOR SEQ ID NO:21 
(i) SEQUENCE CHARACTERISTICS- 

(B) TYPE- nucleic add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: line*- 



3o: 
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(ii) MOLECULE TYPE: cDN A 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:21: 



GAATTCGCCG CTGCCTCSAG CCTCCCGGGA CTCAGCCCCA GACCTCCCCT CCTGTCACTT 

CCAAGAACCT CTCACAGCCA TCAGCCCTCC CCGCCAGAG ATC ACA CTC CTC CCC 

Met Thr Val Uu Ala 

i 5 

CCA CCC TGC ACC CCA AAT TCC TCC CTC TTC CTC CTG TTC CTG CTC CTG 
Pro Ala Trp Ser Pro Asn S«r Sar Leu Leu Uu Leu Leu Leu Uu Leu 

10 15 20 

ACT CCT TCC CTC CCS CCC ACA CCT CAC TCT TAC TTC ACC CAC ACT CCC 
Ser Pro Cys Leu Ar? Cly Thr Pro Asp Cys Tyr Phe Ser His Ser Pro 

2S 30 35 

ATC TCC TCC AAC TTC AAA CTC AAC T7T ACA CAC TTC ACT CAC CAC CTC 
XI* Ser Ser Asn Pha Lys Val Lys Phe Arg Glu Leu Thr Asp His Leu 
40 45 50 

CTT AAA GAT TAC CCA CTC ACT CTC CCC CTC AAT CTT CAC GAC CAC AAC 
Leu Lys Asp Tyr Pro Val Thr Val Ala Val Asn Leu Gin Asp Clu Lys 
S5 60 65 



60 



114 



162 



210 



2SS 



306 



CACTCCAACCCCTTCTMACCCTCTTCCTACCCCACCCCT^ 354 
His Cys Lys Ala Leu Trp Ser Uu Pht Uu Ala Gin Arg Trp Ha Glu 
70 75 30 85 

CAA CTC AAC ACT CTC CCA GC3 TCT AAC ATC CAA ACC CTT CTC CAC GAC 402 
Gin Leu Lys Thr Val Ala Cly Ser Lys Mac Cln Thr Lau Lau Clu Asp 

90 95 100 



GTC AAC ACC GAC ATA CAT TTT CTC ACC TCA TCT ACC TTC CAC CCC CTA 
Val Asn Yhr Clu I la His Pha Val Thr Ser Cys Thr Pha Cln Pro Lau 

105 no U5 



450 



CCA CAA TCT CTC CCA TTC 
Pro Glu Cys Lau Arg Pha Val Cln ? 
120 us 



^ TCC CAC CTC 
Asa I la Ser His Lau Leu Lys 

130 



493 



CAC ACC TGC ACA CAC CTC CTT GCT CTC AAC CCC TCT ATC CGG AAC CCC 
Asp Thr Cys Thr Cln Lau Leu Ala Lau Lys Pro Cys lit Cly Lys Ala 
135 140 145 



54o 



TGC CAG AAT TTC TCT CCC TCC CTC CAC CTC CAC TCC CAC CCC CAC TC 
Cys Cln Asn Pha Sar Arg C/s Leu Clu Val Cln Cys Cln Pro Asp Se 



TCC 594 



150 



155 



160 



1S5 



TCC ACC CTC CTC CCC CCA ACC ACT CCC ATA CCC CTA CAA CCC ACC CAG 
Ser Thr Leu Leu Pro Pro Arg Ser Pro lie Ala Leu Glu Ala Thr Clu 

170 175 180 



642 
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TC CCA GAG CCT CGC CCC AGG CAC CTC T?5 CTC CTC CTC CTC CTC TTZ 6?0 
Leu Pro Clu Pro Arg Pro Arg Cln Leu Leu Leu L«u Leu Leu Leu Leu 

185 190 195 



CTC CCT CTC ACA CTC CTC CTC CTC CCA CCC CCC TCC CCC CTT CCC TCC 733 
Leu Pro Leu Thr L«u Val Leu Leu Ala Ala Ala Trp Gly Leu Arg Try 
200 235 210 



CAA ACC CCA ACA ACC AGG CCC GAG CTC CAC CCT CCC CTC CCC CTC CCC 73a 
Gin Arg Ala Arg Arg Arg Cly Clu Leu His Pro Cly Val Pro Leu Pro 
215 220 225 

TCC CAT CCC TAGGATCCCA CCCTTCTCCA TCCTTCACTC ACCCACCCTC 335 

S«r His Pro 

230 



TTATCTCCAC TTCCCAACCA AAACAAGSAA CAACCTAGCC AACTCCTCTC CTGAC7TACA 895 

TCCCCACCCC ACACCACACA CTC TC TCSC T ATCCCSATCG ACACTCT.AAT TCCACTCCTT 955 

CTGCATTGGA CATCCTCAAA CTCCATACTC ACTTTAACAA AAACAGAAAG GAACAACCCC 1015 
CC 1017 

(2) INFORMATION FOR SEQ ID NO:22- v 

CO SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 57 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:22: 

Gly Asn Gly Cly Pro Arg Ala Gin Kis His Cly Ala Thr Arg Leu Thr 

1.5 10 15 

Ala Thr Ala Leu Leu Thr Val Cys Pro Gly Leu Leu Leu Pro Leu Val 

20 25 30 

Gly Thr Ser His Met Phe Phe Leu Pro Tyr Phe Leu Ser Phe Leu Ser 
35 40 45 

Jer Phe Leu Lys Met Tyr Leu Tyr Val 
50 55 

(2) INFORMATION FOR SEQ ID NO:23: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 87 base pairs 



\ 
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(B) TYPE: nucleic acid 

(C) STRANDED NESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:23: 



CAT AGG GTC TCA TTA TTA TCC ACC CTA CCC CTC ACC CTC AAC TCA AAC 48 
A*p A*g Val S«r Uti I^u Cy« A*g L«u Cly Uu Thr Lw Asn S«r Lya 

1 S 10 1S 



CAA TCC TCC TCC CTC ACT CTC CTC ACT CCT CCC ATT ACA 
. Cln S«r Smr Cy« L«u S«r Val L«u S«r Ala Cly II* Th- 

20 25 

(2) INFORMATION FOR SEQ ID NO-.24: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 344 base pairs 

(B) TYPE: nucleic acid 
\ (Q STRANDEDNESS: single 
\ (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(xi) SEQUENCE DESCRIPTION: SEQ ID NCh24: 

CCTAACCCTC CCCCCACAGC CCACCACCAT CCTCCCACCA CCC7 

CTAACTCTCT CTCCAGGCCT TCTGCTCCCA CTACTTCCCA CTTCACACAT Gii ' -iVlt.lX. 120 

CCTTATTTTC TCTCTTTTCT TTCTTCTTTT TTAAAGATCT ATCTTTATCT CT S^lllT: 1 130 

TACCTACATG CCTCTAAGTG CACTCAATGT GTGTC1 U .TC CCTCCACACC CCACAAGAGC 2iC 

CCACCACATC CCCTCAAACT GCACTCTCTN NCCTCCGTCT CAACCACCAC GTC5TSCTCC 3:c 
CACCCACCTC CAATCCAACA CCACCCACCC TTCTTACCTC CTCA 



87 



3ii 



(2) INFORMATION FOR SEQ ID NO-.25: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE nucleic acid 

(O STRANDEDNESS: single 
(D) TOPOLOGY: linear 



! 
3 



WO WW9\ | fCT/\JS94/0515O 



(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NCh25: 
ttygttcara cnaayath 

(2) INFORMATION FOR SEQ ID NO:26: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(O STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NCh26: 

TTYCTNCARA CNTCYATH 

(2) INFORMATION FOR SEQ ID N027: 

CO SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE nucleic acid 

(Q STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NCh27: 

TTYGTNCARA CHACYATH 

(2) INFORMATION FOR SEQ ID NO:2S: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



i 
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(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:28: 

TTYCTNCARA CNTCNATH 

18 

(2) INFORMATION FOR SEQ ID NO-.29: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pain 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:29: 

TTYCTNCARA CNACNATH 

(2) INFORMATION FOR SEQ ID NO JO: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:30: 

CAYTAYCCNC TNACNCTN 

la 

(2) DEFORMATION FOR SEQ ID NO:31: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear " 

I 

1 



1 
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(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3 1 : 

ACNCCNCAYA TNTAYTTY 
18 

(2) INFORMATION FOR SEQ ID N032: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

, (xi) SEQUENCE DESCRIPTION: SEQ ID NO:32: 

TCGATHGARC ARCTNAAR 

(2) INFORMATION FOR SEQ ID N033: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pain 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO J3: 

TGCATHGARC ARTTRAAR 

(2) INFORMATION FOR SEQ ID NO-J4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

I 



1 
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Oi) MOLECULE TYPE- cDNa 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:34: 

(2) INFORMATION FOR SEQ ID NO:35: 

(i) SEQUENCE CHARACTERISTICS- 
(A)LENGTH: 87 base pai„ 



(B) TYPE: nucleic acid 

(C) STRXnDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



W) SEQUENCE DESCRIPTION: SEQ JD NO-J 5: 




A< T '""TWO CCACACTCCC ATCTCC7CCA 

KCTKWK ACCACCTCC? TAAACAT 

(2) INFORMATION FOR SEQ ID NO:36: 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 94 base pain 

(B) TYPE: nucleic ac£ 

(Q STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



DESCRIPTION- 



18 



SO 
87 



CGATTCCCOC TACCJTCTAG AATTCCCCAC COBCCCWBC AC^ 

TCACGATTAC AACCACCATC ACCATAAGTA ATCA ^ ^ " 



(2) INFORMATION FOR SEQ ID NO:37: 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 29 amino acids ' 

(B) TYPE: amino acid ! 



94 



I 

3 
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(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:37: 

Asp Pro Cly Tyr Uu L«u Clu Ph. Arg s„ « y cy. ^ s-r 

1 5 10 1S 

Hit His His His His Asp Tyr Lys Asp Asp Asp Asp Lys 

20 25 
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WHAT IS CI ATMFH IS- 

1. A substantially pure mammalian FH3 Hgand or a 
fragment thereof. 

2. An isolated nudeic acid encoding a mammalian Flt3 
5 ligand or a fragment thereof. 

3. A recombinant vector comprising a nucleic acid of 
claim 2. 

# 
■ 

4. A host cell comprising a recombinant vector of 
claim 3. 

10 5. A method for making a mammalian Flt3 ligand or a 

fragment thereof comprising culturing a host cell of claim 4 
under conditions in which the nucleic acid is expressed. 

6. An antibody or binding fragment thereof which 
specifically binds to a Flt3 ligand or fragment of claim L 

15 7, A pharmaceutical composition for modifying the 

biological activity of cells bearing Flt3 ligand receptors 
comprising a physiologically acceptable carrier and a 
mammalian Flt3 ligand or an antibody or binding fragment 
thereof which specifically binds to such ligand. 

20 8. A method for the manufacture of a pharmaceutical 

composition for modifying the biological activity of cells 
bearing FIG ligand receptors cc uprising admixing a 
physiologically acceptable cai. . r and a mammalian Flt3 
ligand or an antibody or binding fragment thereof which 

25 specifically binds to such ligand. 




O M/2W91 



10 



15 



PCT/USW/05150 

m 

9. A kit comprising in separate containers: 

(a) a substantially pure mammalian Flt3 ligand or 
a fragment thereof; 

(b) an antibody or binding fragment thereof 
which specifically binds to a mammalian Flt3 ligand or 
fragment thereof; or 

(c) a nucleic acid encoding a mammalian FIG 
Ugand or fragment thereof. i 

I 

10. The ligand or fragment thereof, nucleic acid 
method, antibody, pharmaceutical composition or kit of 
any one of claims 1 to 9 in which the Flt3 ligand is a 
mouse or human Flt3 ligand. 

11. The ligand or fragment thereof, nucleic acid 
method, antibody, pharmaceutical composition or kit of 
claim 10 m which the sequence of the -.Fid ligand 
fragment thereof or nucleic acid is defined by any one of 
SEQ ID NOs: 1 to 24. 7 




